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"V-. : •,,a ,, K , .od cto

the" possible sceiatio- f cievelopment.o 'hei'il xplo.i'm, isi d e a csesse resultin;gin.

abreakump 6f;the vessel *ere (0s:ribed11) in ieliinlinarIiport No. 1. It ,,as shownthere that t1.

typ eof rea]kup, thenumiber amd velitis ot fr-a enwnts are deterinined, by thi( rates.,r ene-v
release and wall pressure eolutioi.isidthe t lvessel. The results ofbreakup-- nass-and velocity, ,
distibutmons of fiaee nits - would ldifer (nvatly depening, CRltheCOiluotIn)oessiside
vessel-defiagration, ( tonation or de.flao lon.to, d tonatnio ralis"tipn ibT,).

STo, obtaina d sed-fom .solution of theprol)lemli at 'a' i)( 'compared with the existing
expefiment WeII tto concentrate, out'effi)rts-i ,it solution. fu, simple ge.oietries: spherica".l
an+d-cylindricaL vessels. 'The.iniitial uloilitioiswillbe ailso introducecihi,,a foi.m'makingit- iossible

* -toobta.ini solut ins lo.,;smg .:sphe~iic At oi! slini 'ic syiiiii0ti9,,.
iTe esuts of deflagt'iaon to-denttition-transition hivestigations 1) show hat the process

,* is-c6fniplidated and, tie highest pressures and inteiisitie: of-detonation waves are reached in, the
transition e, This tone -is charauerizc, by -tile existece of ,overdrii em, detonation waves that
sl6WdW g .atuay to, self- sustaznmig:regime and the itensitv of- the-waves decrease to that of - .

Iii case-of central ignition of sphei'i,.al r ,'yiindii'd voliin. of (C)oiibustible gas there may
occur different regimes that can-produce diffremt ,,all.loadinigs after the reflection. If the D't
pfocess does not take phce inside the vessel th 1res siure'riz, and thie wall loading is monotonous
aiid it is detrminelby, the ratC of combustion; If the DDT pro,'s, takes place inside the vessel
rather far from the wall' or there is- a direct-initiation of (4olonation tie loading, of tlhe wall Is
determined by a refleted normal detonation wave. But in caser the DDT - process takes place
near the wall the pressure rize (Wall loadhig) is determined )y the reflection of an overdriven
detonation wave that.produoes higher i),,ks of p'essmre, h isiecessa'y to produce a closed form ,
solution of the problem of wall loading, des'cribing the multiplicity of scemario of DDT-processes
that wouldn't be sophistidated and could be obtained within reasonable processor times. To
solve the problem it is necessary in adldition to the DDT investigations [1.1) that match the
iesults of the experiments in tubes [1.2: 1,3 to 'examime ,somne peculiarities of spherical and

4I cylindrical deflagration and (etointion waves propagtion. Part 2 contains tim results of these

The closed-form model of wall loading based on the r,. lif iikVest iatio)is co)nducted takin,
into account the multiplicity of scenario of DDT-processes is described in Part 3, I

Part 4 describes the results of breakup modelling muider tie influence of internal loading for
different initial conditions and different scenario of comiibustion lrocess inside the vessel. It is
shown that the criterion of breakup can be determiimied from am independent experimental data.

The mathematical model of breakup takes into accomt the influence of temup.rature on the
behaviour of the main patamete's. It is shown. that the critical pressure of breakup clhamies
depending on the type of combustion: the higher is the raw of loading - the higher turns to be
the'critical breakup pressure. The number of fragments is higher for higher pressures.

4 Part 5 presents the results of numerical modelling of fragmnelnts" acceleration in the expanding
cloud of gaseous reaction products after the reaku). The minerical experiment conducted
made it possible to work out approximation formulae (cte'rmnining final velocity of fragment
depending on its shape. orientation. initial conditions atl thermodynamic )roperties of the
expanding gas.
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Par i ro Aiaiop -of , 'eRi an-ae spierikal sYil--iier2; d tcii deflAgrittion N~ys.Wt

- At dAeflagraion oxr detonationV iiiation iu, pre~kxi ed hioiieonsx ". omblustile iiittWC.,. foi

eka~fiil6]:iyjjeafi o as a. xutok 11dcativedv siall wone (if raised -vues of paranieteim

~,. 1o~aion~Ekpandinolg prdxCis of f4etonaxor e'xploio an roi ss i lite-ile ofa
,16e n neaI~o OS0- '11snfV lpT1

Self;,sihilJdntv of thie,,pto le' i le .speial detonlation w as e ablikhcd and the-,orffary lif-
fetenti~lecfuaqq~tioiiqo -fci sxbn~ the -flow Ix hindt wa~'e front were derivedi 1.heas

91Lle AaO~lan'.Jbuet .9 terical dJtonatio ii was c(1L. iidrvd 'fo. tmpie in 1.. T £Ie
"v C~qnpktO so self-imila 1)roblejii-for cch-Ss of weak and- stre ' de1toniationt and'

Ch~p~~.Jipgetwyes as obtaijiedi in [2A54. 'in the )sn pt ,lroilles offowlaaet

in Propagatp of, iieic 'Ia! s (if stroii~afnd- weak cletoaioii ea~efarai fo aes o:f
different, v e -ociie' ofj' ptnnotiqjx tt'oii Ahe iinitia-ti( ixzn r nvestigated -on the base of

* We us the moel whee a dcitpnon-anclarto wve (on t is asI (IeLto -be a tliscoh-

'156 paiats With, a, constaint veloci : thov initial inix~tiii0 jild(1 rctioi podhicts are polytropic
gaQO- nst is1 the speiify -lat of renatioin; ('oniitil mixtroe js nionoxbde ahieadi of

the wavefs and entixopvof alljl)artiol s hws u-constant vdlue., -il ilitropy inerases for 'All patti-
'Ae yth a~ v lue, in. the detonation auve movinag wijth cvolistwit veloci tyU i.e. a flow o
dletoniationi'ilU.Clttctsw itini the co)itinuity donxainis lxonxoven pcEqtin f osato
one.idimensibfial mnotion -has the folowig, formi undinr tliese conditions: ~

- Ot, Or /)Oi

I~~~~~~~ 0~ ~_2u_~22 jx
Ot 0,1 Or

where ui p, p--gas velocityv. prl)W55Uan tIoncltsity rospectively. Under these assilltions equatiColis-
and boundary conditions alloW an 1existenice of self-similar hollutious. .e. "olutionis beiing function's *
only of one p~arameter' I t. Pitssing to svlf-s11iir variable bN tile formutlao:

& d 0 1(1
Ot td -;, ;' (2.3)

we reduce equations (-1); (2) to the form;

duL (1/)
d 01 0 d (2.4)

Since the flow is hiomoentropic then (1p/d = -2d(l/(, whevre c is the sound velocity. Transforin
equation (5) to the form:

pd l~(+ )-(2.6)
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Ni hud entcdthat a conlstant flow j,1" (on'st) is t, a solltX)11~of ( (juatil (24) fo thle

geerl cs , a]. soh'ution-.fi cou nta , fto i e (1 -4 (A. quicsel, state), is onlyjpossihle.
Letus~eekd on uvi~sef-iniiha:Tplho Iito li cv depe klent. VarhiiIes

ne~vyaljl~ls'tle s eni(2.2.7") rake s rlie orifi:(2)

~(z+ s- V + - 0. (2.0)

where r =..p- -o cdto it s r'= 1). wherc ^I = 1/cp i's thle polytropic

ex ~t esblviig (S), (9) for tiw 2leriva *tives, we oIbtai:

~(~~~v:~±['V(1 (210)

(2.11)

With thle help of the systeml (210D). (2.11) we- dervirinine , Ij Midad thenl wrife the

expression derivMd in place of eqttat ii (2.10). Thiis.,thle followiti, sys$t('i is (lerived:

5: -2:z-V-i(yV'-1)(2.12)

(IV V 3 0{ V )2

System (2.12), (2.13) can be sobrd sequientially: at first cquxation (12) Aives the solution
found.e teslto otie ssusittdino(3.fomweet _ ()cnb

found adthntsltino)1e i usiit'dit 1) fo hr ~ ~ )cnb

Define boundary conditions for sal 'ving the (puttion (2.12) in the lplane (1V, z). For fixed t thle
condition ~ ()is satisfied. C*!ider the zone itlwad of the detonation wave Bo < r <4

(Figure 2.1). In this zone V = (1o (it quiescent zone). In this case changes from

.A= oo for r -- o to B0 = Wt U for~ r R = U~t. Value of :within this zone
changes from zero (A=0) for 0 0 to ZZI = for/ Bo = U. Oin the plane (V, z) it

corresponds to at trivial solution, wvpin a state cliankges from point .4 (V =0, ZA 0) to Point
Bo (V =0, :o=c0U < 1) (Figluf 2.2).

_7.
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PaautesIellc tedt l nwavt, on -tit 1)n bt te -d'e~, fr niv t ie eqqat1n ita

?f I -A i htiu_._(21)S.

41iuta V; 11c S- 46ii;A:

+ 0)1 A(1+A); (2.16)

where (

It follows from (2A6)vmd (2,11) that for fixevd A(U ) the point B3, in the plane (V", ~)is oil thle

1 -A

At the Chapinan-14oimet detonation at oiative gas Nelocit. behind the w;ve is equal to thle
local sound veldcitv:

thus, the Chapinan-.Jouget detonation corresponds to ease A 0when te parab)ola (2.19)
takes thle f~eni

(1- (2.19(t)

and goes through the(- points (0,3) and (1. 0) (Figure 2.2).
For A2 > 0, U > LD1 equation (2.1S) haws rwo roots~: A> 0, N- < 0, JAl = A+. It follows

fromi equations (2.17) and (2,15) that 4t > uit > Fixe. the root A+ > 0 corresp~onds to
the ca.3e of strong dotona ltion, and the root A- < 0 crcsponds to the case of weak detonation.
Solution onl the plane (VK -) canl be prolonged either to the a-zxis (ixe. V = 0) that corresponds
to the rest in the s ,ninwtriv center or. at presenice of at sphiical piston. expanding with rate iu11

4 up to the line' V =1 as

v g

In thie zone between the piston and thle dtftonation mvave a shock wvave cani appear for which
* the same relations at a xliscontinuity stirface (2.14) are t-le w; for a detonation wave b)ut with

"77 7
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condpit~~ins that there is no -enet ix rc lese dt o i ',viipiat it ) n tiitr

Cbiiei C~ase (if ro DUCU, r'

0). (,.5"_ )"t < 1 < j!PI. ( nlia the

pitgtbtjoitB0 l the plane ( z), otnurs hy ;a ,imunp (Figure 2.2); hti he case when a~s
in16,ihfnIetry 6centeri is at- mcst. (u "-. 0) ppinit 1(Pigtr 2.1) inthe p~d e-(I '.~)is

_nthe a~~V =0: ;AV~ K 0, - -K Nu (j .~ 1 i glr p)oint oif the
knhot-tj?'6elfo equation, (2 t1) 'Thu11s8 li spllutio t.CO1olctinpoilit P, I - th po~it Alf goes through

poit.K hi pin (mo-natrml), mnvvs oil. the phlne 1% t ) wI, Itthe Sounid velocity:

C.,.

i ~ o !~ ~~- 0.

i.e. there is a, characterisfic onl the- plane (r, t) which-I boinids the res t domnain (at this charac-
teristic derivatives have dliscontinuity). Solution from lpoinit k to point If is rest-, as in ~point *
K the conditionm: Uk 0 is Natisfied1 and i lpohit A! it'l = 0 dule to symlmetry, then thle rest
state satisfies -the equations and, the boundary mulditiols Itid dtie to niqueness it is a Solui-I
tion-between the! poits k anid U., On the plane (V..-) statps from K( 1 , Z/ = 1) to

0( ,~ -,~ o r.o teai rm1u o ( Figure 2.2). Thuls. a desire(! Soluttionl
behind the detonation wave co)nsists of two lritche: lit-uiK orsonst h rva

soluti6ii -V _"0, and brnnchl K Ci0B1 to the solittion 'of the general type for sy.5tem (2.12).,(2.13).9 On the plane (r. ) it sollution behinld the dertonatiomi wame r = CO1) consists of the exandingA
domaiof gas at rest ((I 0,J) "_ (onst =,k 11J and the rarefaftionl wave inl the dlomlainl betweenl
the characteristic C'h :. r l and thet( de-tonation wa ve r = Un t. This rarefaction wvave isn't
a soluti6n of a,,simple Wave. Along each axis =const valuies of flow paranieters are constant.

S Consider the case of stroi~g detontion (A\ A+ > 0, C' = C1 > UT0)) when gas goe.4 fromt
the state characterized onl the (V, z) plui., by point B11I to the state characterized by point Bi
(Figure22)

In this catse point B1. chiaacterizing jparamnetm-s izimiediatelv behind the detonation w~ave is
situated on p~arab~ola (2. 10) whichm is hitgher t iemi parabola. (2.19a), Coordinates of Point B1 1
V = VII and zi I can be determined'from eqputions (2.16), (2.17) (Pigure 2.2). In this case
we can construct thle solution w~here a -oiiipr(.s(Ion wave propagaItes behind a dletonation wave
(it is anl analog of a constant flow in at planie case)('2.oJ.

Continuous solution B1 Th (Figure 2.2) reaches the linle V = 1. points of which canl be
considered as points corre -pondhig 'to sp~herical pistois expanding with constant rate up-1 Point
PI, wherein the inerlcurve coinlo, definles th ny .ltiyo the piston wvhich corresp~onds to
the given velocity of strong detonation wave U1. With decreasig U3 paramneter A+ diminishes.
and A+ = 0 at Ui = LID, parabola (210) transfers into p~arabola (2.19a) and point B1 becomes
coincident with p~oint B1. Continuious compression wav~e is described by solution B1 PD, the



to nitie II1~Ir -~.wOtilla otlfV1t t. Chap)iniiJUt .lopiston yelocitV decreases' too wVi . . .a Souin Jla
detonation 'wave aidth xcontlnuous, comlpre sion- wav ltlictledonin 'vernt to lh

-tpercl ith bolhid)i dit'naio witvefr to

On ieducimbp-,the pi~ston velo!cit Vs daOtl ai.stato ahevad. of the pistonl Wvoii orrespond topointW
wn Fgu~ ret thle solut in 'cltailig thle CTapinan. iouet detoinatioini Wave. the

4 arfatonwaetkansfouinin p oatiri ste.'bl ito, certaini state il, n curve ."i~OK.

1shociiav tranisfoning fioni '4-ite C, inito stteC 1 oil, curve D.,[CI K. and-li heconitilolt
coinpiessioii wive C, P-2 -Cie BIC C1A presents ia lot is of states onl the (. pljan~ Whidh clii
b~e olbtalinec 'Is L iestiilt of~ a siioock train'~a ifcifromn th states l'Vilig onl integral cuirve B1 CjK.

WVith. futher decreaisig thie piston vlocity It, *Coirdihate z-p of poinlt P -tows lip. In- this

4case there is asolution, wherein p)oints CI diid Cu move along ciuvesB Ka BB ant
apprpach, the point K. Foe up, = thiere is a~ solutionl c ritainiig Chanmann oget, Akonation
W~ve,xarefadtionwavle aiclrest zone. 'Undler the given lioun~dary vooditionls, at, the-pisto it up

aind at .infinilty) the constructed solution 'inl the-ciass of'strodng detonation ajid Chap)man4ouget

4 ~~Figure 2;3n 'fi tshows omted iesulltsfo caeo deitldtntcn itre 0~ 10,~o
J /kg; -;jo =1.4; -~1.2 i the -form of -depondenice of pressulre -p/po o11 nibj-Climensicinii
eoordiat r-/R Curve B11B 1 c0 K cotrspondis to the soltution voinainling the Chapmanil-
.Jouget-detonation wave BoBI (Ur) = 1.G30 ii/s), 'the rarefacetion wave and: the rest zone a

U -;0. Curve BoBCOC1 ?2 corresponds to the soluttiou containing the Chiapuan-Jouget wave.
the rarefaction wave. shock wave C0C6 1 anld (-oinpressioni wfive C1 P2 fit thle expanlding sphiericail
piston velocity up, " 1200 in/s; Curve Bj0B1 C'C1 P- is the pressure profile ait decreasig thle
piston velocity ip dtown to 1000 im/.It is seen from the figure that fither decreasing the piston

- velocity will lead to redlucing anl intonsity of secondary wave C0 C1. Curve BOB, PD correspocnds
to the solution containing the Chainaln-Joigef detonation wave and compression wave B1 PD
at pistoni velocity it, 1320r/.

I Let us go to consideration of wea- deto~nation (A- < 0). In this c-asellhe problem solution isn't * *
unique. Ani unique soluttion can be obtainied, in thle wpak detonation class when a value of one
lparamneter on the detonation front is giveuv-inl addition to, thme boundary conditions 2.,2.5), for
exfinile- this piarammeter can be detonation Wvave voity U,.2 whtich defines uniquely A -, 0 and
p)oint B12 Onl the (VI Z) plane. Solution contnntis the rarefaction wave BIC 0 .,K (Figure 2.2) andj
the expanding rest zone beinid the weak detonation ait 1111 0. Pressure ,profile for the solution
obtained at U) " 1750) ii/ i li in F l-2 bi cuve B, .W10. aouinft pewt of

a moving piston (up, = Co710 > 0) containls the rareffaction wave behind the dletonationi front
from B12 to certain point Cl112 lying onl integral curve B1 C 2 .the shcick wave transforming
the medium fromn state Cuj2 into -state C, j on cunrve B I I CI'2k and the Continuous vOunl~ressioui
wave to state P (V = 1) ahiead of thev piston (Figure 2.2). Curve 0 1 CljK in Figure 2 is a locus
of states which can bi reached by a shock transitionl fromn States Onl curve B, I C02K.

Figure 2.4 showvs pressure lprofil~s for the case of sphieric-al wveak detonAtioni wvave prop)agationi
with velocity U-2 =-- 1750 mu/s. Cuirve B0Ij1 ,1Q.C 0 1 corresponds to the case tip = 0 when
there exists a rest zone in the sv iietryv enter. Solutions with an expanding spherical piston
are represented by curves BoIB12C'112Cj2P (tip =1300 nii/s) and B01Bo2C()2C 2P' (111= 1000

* n/s). As seen fromn this figure. withi iiierva'inig the piston velocity tip, anl intensity of secondary
shock wave C02 CI2 grows.-

Solution of the indicated type for the ca:.e A < 0 exists not for all values of the boundary
conditions but only till the piston velocity u <I 1 (9)whr (f12)stepso velocity
satisfying the solution with a straing dletonation wvave moving with velocity U, = U2. Curve

4 B01BI2 BiiPI in Figure 2.4 corresp~onds to a pressure profile for such limiting case ( For the case
considered up, u, 1(U-2) =1500 in/s). At this piston velocity a secondary shock wave C02CI-I



ivaveBoIBw1 iiioviing withI tle~s mie- Velocity 'C 1" 11 ni .F t er Vvl0Citv ot the pisto

U1 , ~U~ ('2~ 1 sluio cIiib on oiwlv in the vla'." f 1 (latloil. For this, case it

-neiec tv to z iadiltioiml palinee at, I (htitlo .8 ,)i ' liiitc ~5
$outon f ~ilaialp~b( 1-,oil de.tonlationi wmaes~ mlotionl with the additional effect of, a

Consider the-.p()1)l~ii 011 _s)heri~dl h l111w tioit p1opfpafc~ioi1 I' 111inl)Cint souico of, inlitiatioin

forthecase .Wh le(Iflti- oi i osnt eoi dctonation. Defla ration, fronit is assumed to

Abe a. discdiitiuit V suirface. and, the .ii t iolltfiofn 'is 'bving. ',omflt Within "the scope of the samle

asumptionis as inl the.1 previous ptoblefi. ojsdrth aOwhn *~eak, deflatii front
~~prqp~~~~g~~~t~~s wil ie'ntnttthombirin Friog~ninlitial quiiescenlt Ii ixtu&'

aatlvqfs~th,&.)armnr. otira ... of......, . i.. iiisoI1i 'thw )W I . a
'l~' . %v+ s ahel of dL th f fot.

froniti therefore at soluition Arill Con tain, it spliial shoti w~-llovii, avdtf-flie tlt
To fidaslto 6i~~ I1StV)~ Z 1oilnn-comhu~isted gais 1ictWen shock -. vand

darition frm nt ysep(. (h13),,1 can i-e sed with. correspoiiding bIoiudary conditioins
othe9o1 aeailoit dfiagiratioi-f hont W hich-hiv the-followig-forii in variables (V.:)

1) n thed sh6 ekwNave- in vinlg' thr~oiiAhm-q1Isent nitimn );from-( 2.15)-(2.i7) wve hak'e:

fro here t is seta shock waves-ftrlunsforrnl,1h axis V =Uito points of paabola (2.21);

12), 6w-the lamie front.- behind wich.I i taerls the onl( at, rest.. pualnmetersiahead of the

(1-_ 2~V( +4 ~ )~1-.) (2.22)

IAe. going onto the axis 0 ( throuigh. he- flanio front is possible only from poits of curve
2,.22); In deriin hee uato (2.22) wNe iise coniditions. (2.10)i (2.11)a h icniut

sui~de and the relaticoii connecting a niormal-buIminog rte W' anudflanu ( 'eiy- Up

Parameter -'o corre-sponlds to the initial mlixtulre. 0 cores ponids to the 'omnbumstion produict..
The zone ahead of the shock wave inages intod sth-miieit .4I1 onl the ( V. z) plitte. where

coordtinates of lpoint Hit corresp)onding to the state ait-ad of the shock wave front are: V'i 0:

zo c2,/U2 < 1. thle state b)ehindl the shock wnvel( c(Wre$))olids to the( point Hi lying onparabola
z=:dV) (2,21) (Figure 2.5). Going from state HI into state Nahead of the flamne front lying.

on curve n (V) (2.22) is realized within at continuols compressionl Wave (Figure 2.5), and
trasitoninto state X1 b)ehind the flame frout (11 = 0. :1 = 'v/U/. > 1) ovecurs by at jump).

The rest zone behind the flamie front iniages ito ray XS3I. For this case at solution As un1ique
at weak deflagrzittit velocity 11i given.

Notice that points of curve (2.22), for which coordinate < 1 at point N-:1 cannot corresp~ond
to the leading edge of the flamne front. as that leads to supersonic Blairn' front vielocity with resp)ect
to gas lbehinld the front (strong deflalgrationi. For this, cam- the ,,olution call be , ,mitructedl that

containis the Chapman-.Jouget oleflagration wave and the ivireffictiomi wave following the first one.
State Ibehind the dleflagration wave shoud be situated onl parabola z (I - V)'!, and a state
ahead of the wave is onl the curve:

Tho f 7i1 '10 (1 -_!O)*2Q ~ l( ),(.3

/I *. Y - ^, 0



of -iW (2.1,t- ,presenting, a ocs f tae 4 1i, 1hd states-ol i41 )(~)l 1an remched- oiniti

* throuigih .iie,,iailiefholit, The 'scdutionu obtaiiud -coutains the shock in~fsitiohl froff heiifa
~i~int011~A"S ' 0itop loint &I, oU i ( 1 theii the traiisitioii wlithlin-a cfltiillOt'Ic pression wave to state \ ioncurvle (2) 23.) ti lai ni ie defiagration vave to,-tt

F o paabla 1) ldthe. coitiuoi t1'sitiou 'w ithin lthe ,rarefacttionI W~re -to poiiit K
(Fgres) h'pi( tucupoea nc of L zonev of qiuie'scoilt,-gas ini ile syninetivy tilter.

P~epenio a 1o .1ol of I)ifuFo i'bh d1w~tnhr 11noQ~i is ossibjle either aloig:

integrallcurve FCf t pA~joinit-'Tor to s ii-gir~poiit, (; -.w cn'fi to shigi4at
Point C.- For. the -seooi#L cise tlic resi %oiI6doveSnlt fpiun aiddthc milotion .Ontiiiiies to tile

syuunetry cs .. e-.s arabla
that-t iee-exists,,psol~ution fou dU- h"points - il, parui a (2.21):11i",tta pit of jiibl

21 ; n&'(-23)A ineectionl 'On-.,Ar bola (2.191),point 411-ouepnstoti on D id
(b~ior time eain le co~didi~-higli( -thuu )iut, ta s5thier e -t soluionls With a wst

-.~ ~ ~ ~ 4 0tt.s~ic~f Oi

iSltion for. 'yakdeffi rtioul ("R 3(0 i/s. U 0O -is), onl t66P. 17 I')plane is shown1
inFgr g~6 egnieni from 0 to A', cc irpouIs top a plie.cenlt inlitiaL'coiibusihle, mliitute

coni~ltiouts (ounpre ssloni W.vave ahe(ad of tlie flaniuefronit. .11uiup of paramleters \ V3  ifs dtouigh
thie deflagraion-front. A. restmzoeb eg is , I irecdV )ei ( 1 eflagra tion w e. Puessitre profile
corresponinJg ,tothe ouim bandi hw b% culrve HON 1 AM inl Figuire 2.7.

Solution With the Cha pnianviJoug t -deflagration wave (TV" = 386 unI/s, EU -" SO uII/s) oii the
(zV plne ii Fgure2.6corrspods-t-sementOH0 (a quiescenit initial lilixtui'e), juflip HOL

thiough~lthe shock'wave, Compression wave LD, jump jthri)gh (leflagratiou Wave DF1 continuous8
ra~efaction wave FK and- the zone of quiescenit gas. C'orrespondig pressuire profile is Ahowi inl
Figure 217 by curve Hu LDFK

At piesez'ceqf -an expining sjhriciml piston-for the Clipinan Jotiget defagration there are

possible solvitions with a cCiipression~Vave-inisteadl of it rarefacetionl wave behindi the deflagration *
front (integ ral- curv FP in Figu re 2.6) r. withi a rarefaction wave. ti shoek vaiv and coinlpresioi
wave -by anialogy with, tho considered' flowv pictu irvs behind the (2uapman-.Jouiget detonation
front. For exanilple Figure 2.7'shows a-pressure priofile for j)i~toli vocity til = 0SO ins(curve
HoLDFCoC1 PI).

Thuis-possible flow pictures nt propmgating deflagrarionl and de(tonaftionl w aves with 'Spheri('lh

symmeitry have beenl Ilvesti.'ated.



k Pairt 3. A, iiiclel:of'dynainiic loadiing- of the. 'valls 0 sphiekical or cylinidrical vessel
~~~ -~ ~ foeif,ib eaiod of -co6iiibdistion ioess -s~e-h esl

vA -th

vessel. tet~ius asstime- tlmatt:,the vessel: edut0in.'.%4 lll.iture of i!a -ilt's incldprointly melt conipo-

nlents. Y' nics r~iioofeag-eziTs (-I 7o\1(Iwaer. ii = ue. 3-ert components..

the 1)1 dlutt reacin' >an I i($'i eli t litioiiiia:

V"

cOtfli!l leO -a14lfe Hi Tritiolresiectivel.

4 - Ifchiiil efer o (:omustloil. per imaSs uniit of tiel -is known, (lot it -be AD), the sp)ei(
eni~g y icemese Qj(diemnlicnl'euinm ~r~v iiiss xulit of iaixit(lr n i deeiumevsflos

I A AHI 1,. if Y1 < (PY2)

-Wliere-, D ,-" toiehlmimlti, ratio;

Let the'total il itas-o(f gitses ' idtv a splmeriezid vessel )v -11. Foi, the en, se of cylindlrical vessel

ill te ve selat r thet~~mi cylinhe dr li~iinedby foiumbul (horived from thme

.en1rgy CoMievtinlw
Pil T1 /Ill COA Q 116

w ~iee T-,, - aVerage temfllcature of mitteatromhuin:c~. c - specific heat of mnixture
before and after the refotion: poi pil11 10m iii m [Ses of mixture Ibeforo anid uftur the reaction:

to obtain the closed forml model of walls* loading it is mmcessmrv to examinne (lifferenit regimei(s
4 of combumstionl li)V(WC5

1. Deflagrationi wave propagrates from the cenrtre of symmietry to the Wallk (flcgile No. 1).
2. Nor'mal detonation wave reflects from the wvall, amnd produces imipulse loading (Regime

N6.2).
-3. DDT process takes place near thme wlidl that vauses the reflvetion of usteady wave from

the wval. This Nwave of unsteady structure cani lie weak and it van lie very strong inl case ofL
oveidriven detonation (Regifte 'Nto.3).

One of the main characteristics of the DDT prorcess is the predetonation leng-th '

4 . the distance froml the ignition point to the plave of the onset of detonation. Experimental andl
theoretical investigationis of DDT pro~cesses f3.1 - 3.14) inl closed vessels and unbounded volumes
showed that the lpledetunaauoi length depends onl 11any1 paramleters: pressure (pu), temiperature

Typeset by AMSl-11l'



-(TO)V~demkal'properties of m "r .iurc 1-..) (l1iwisi of a vc".sel(? til)Uilt", 3

L carcteiic -fa ThwA4'. 12-.., - oudition, of ip iitiou mnd -p)ower of the sC)uici of ~
i~niion ,~).Paramiee L,,!-.,of te-typtv ot ?4Ifitv, thI~at.ca-bc'eaudmchei hn
luled This_Nauo? Nkill b ie.~of the ciitr.; of- OUV irmodvl.

Thie.RegmieNo.1I takes pla e- in caw. dimensiis-of a -sslamre rrml:

The velodies of- lanme I~~pagatl(I1 are l( idt ilt Iwm al in 1thi case coinre it

vessel. The distributiop -of tempeature will uot -be uniforiii sinuce the central part -of juite,
combusts tinder-low )esr ochosauicoirsetngculy to alnmgh pressure hz

an &anat -tli-wall6-:is co.Inpressed.1 n kdv'lpie bI i('tcrthe cofllibilstc)1A, b xpandjingreactio
4 pro~twts-of. ifitekiialoues fmtr The tcn-itu iein- the lamt case Will be- snalet.

The-temperature ri.5 edtie-to~d n tbaic (culprassioiro unburnt gavs can be determnined by fohimit

where -16 = cq/c' - the~ ratio of specific heats.
The dependence of miass rate ofxonibustioii upon li phe ssurv is giveh by formula [3.13- 3.15]

I 1Iv) -vI 1 , (3.7)

* PO

where n is the reaction order, the forutihlu (3.7) mateches mlost of experimlents when n11
[3.i4].

Taking into account the comprvssion, of the unburned mixture inl front of Ohe flame zone and
the mass burning rate (3.7) it is possible to obtain formulae [3.151 describing the pressure rise

4versus time iii case of flamre sp~read in a vloseui Nve.sel:
1fot spherical symmtry

M~I -i P0

2. for cylindrical symmetry

* ' . (3.9) '

t=t 21i1'()povrjf(P,, I )A!

4The solutions of these equations ini dimenisionless variables for 11= 1. 7 1,4 are shown p
in Fig.3.1. In case of complete combustion of a mixture the upper limit of the integrals (33S),

-1.2



L( ton< (AU (.1

;~eeIis theii0gtli0o1ulistea~dy detolittiol Wave prospigatiol nI unti1lit coieNto, el-utunn
regme Th ioset lof detona,,tiptakets -place-at r L an( -the "pressure in te v!sseI at the time

CaeIbe. T hejtI

L A, p

(314)

fphe4e is heteto s Vin vit fy t he m i tr:

P_.LPk,"(3.13)

NAtCt= Spressure thnellilt ivan es upt ji. nd fon i3Sn39) h time Aitl sdof toteleo
PrDft eeiatibchuwavtefrzm the al it'ZI is tiein the b (1tfluikL av .1

At=kofYr(uY'x~ (3.14)

wrhere LE is ativatio e ty fo th he mil re:n ?-uieslcntn o ae.P~T

V2 I Q +DV 2  IQ -, (3.17

- 3.15

kt t Prssre u he al gos ll)top, ll thllilltiile'A itloersdon t te vhI

PrD whr At~ chratrie th remto ieiltvdeoainwv 31



4i6a'sound velocitx-
The v-aluez of'.At Ioi 4ndo1)(re fifixfturex- is A. tM 10-' amljor. dilute ixtuhres nea

~ ~iw-aredetoynni d iA iori'iiitihw

1j~ 4 p'0' -()'1q> 1) o

fo Thee ' uinown .Whock p 'rslr rswepiypr) eoit ur ttee~ o ecinzn

D,
ltD .. I ~ 1 tit F ~fr)" .j ~) /z(121)

411 D',

The prunn ear tale wal prD drreas esi (1 fl. eazloy it the end of refaction wove
titlfllo -the detonato wa e lTe rteristi tim offornudac:rsei tatfecss

rl) 1 D " (3.21)

hepsr e -tea ithne betwee thice~res xponen(Titiall der theIU01 Wavtl e,,nceIC' ofreatinwv
thunt folw the detnartion.ecateristic (l=W.twsutin ofaines iiicr 2seows that neesatio

for "the last caratri oval e er~if!lot-tio 0:e6 ) c hewl:

Ar = ~j ;- 0(. (3.24)

whe alu of the c~san be dtween is chapraciteti and fo-11thedtnto vve eoiyo

tD a

0 k r 0.5(I+ I . (3.26)

For strong detonation waves iin gzmes tuider normal conditionts D 2500 - 3000 mins, and
(o,300 rn/s. That gives the ratio a'2/D 2  0.01. mid formula (3.26) can be simplified

D
"tk

Finally characteristic time 7 is ikterinined as follows

7 .(3.27)

J4



* . - ~ - . - -~ * ~ -.*

ii y f Wltwi "kspueii~s

* * 1~< L< ,~(.

Tetransition~procrss stlart.s aftler 7 = Laid that is whyv Simiilal to Aeimile \,o(.25for the presen~t
regimie we shall'detrniiie r. ile t %. prossiiru p' VLo(lJ: tesitol, M.39)Insigioo
the ?DT'-prq6 ss 13.1-4.11. Preliminary li-port, 1] -Alow that the iiitenlsity of detonation %Vave
increases to that of aim overdriven detonarioan and, hvin dectreases to the intensity of nom~al
detonation. That is whA t he'lengtliof the iv -zone-71l I isAim slm (l m O lmgt

11the length of formuation, of ami overdjvmm dotonlation.; 12 the leng~th of Slowing clo'vn the
bvfViaeiivdetilationto -zwsolf sitiiigmne

tlie. katio oftAl se jl2tlj/lj )'(005)b~

7o ]Agin With let iis tiitaril the xitu'itlou_.

I < L < It. (3.30)

For t t* pressitr oin the wall rises ro J4". anld thenl decrease 11m to ,D during time timeV
A~t'. The pxesuse ])e-hind( thoe detonationl wave is dietemnineci taking into account that the wave
proPqgaes in anl iniitially commipressed inedia

2y- (3.31)

where ~ ~ a bept I =~(~ itontttioii ~vlocltN D determined by formula (3.15) also)
depends~ onl iiitial paranmeters of mlixturle. 'bilt simlple estimautionls Show that thle dleviation of
dletonation velocity D from the initial vaiiegligiiv small.

The velocity of the leadig shock of such4 anl intensity onl enlterinig tile 1mwolnJpressedl ilhiXti'
will be f

D141 P _ (3.32)

where

4 (3.33)

The~~ ~ Huoitcregvstosltionis fi-r the dletomnarion velocity D' > D determined b%
(3.32). These solutions c'orrespond to strong (overdIriv~en) and weak detonation modles as it was
discussed in Part 2. Ga-s velocity and pressure in the eud of reaction zone are determined by

4formulae: 
____________

+ I~ [(D M- TI) \( 02- (- (3.34)

I =+ (3.33)

The solution withl -sign +~in (3.34) com.c'ponlds to ',troll', devtonlationl anld it must be 11sed for
this case.

4i

*d



The pres~sures on the NNl a1kfte r~x reflort~tio~io.ai~c~rvi LtutOiwv r eemnd''P u as followsiel ltp~tloiwv0;r djplil

77 , - (3.37) .. ...I~~~~~,~ '4_ _ 0__ _ _ ___6__ _

~ 1*~______ (.38)

Th~eras~o~res r 1in p4., ill? to~p 0 rtike.pu (irilut. riie itntIa21it':

fij

ro 11 < L < r( (3.41)

the parametet. ill the hletonaltionl Wve anid at the ild of i'etioli zoflte (.ill h)6 clesciiberl by
alpprokiiiate foimh ~e:

2- 0,2i m)(LL, + 1W + p~'(3.42)

* P~~ I.=i'~i PI.~ii 1)1(3.44)
where fuiwtions p.' and p~ gire deterinie( 1y(.1. 33)

The wvave. velocity (-anl he detenniinvd hN t3.32). (3.331~. the. vedocity of q-us iwehincl the wave
*1 call be detoriiuedi ils follows

(0 DII

The pressures mn the wall after the reflecticon of devtonationi wave behind the reflected shovk
wave p" and at the end of reaction zone p,![ vaii be de-terminied from (3.36). (3,37), (3,3M). Time
iterval At" is deterinied from (3.36), (3.40).

For the last case (r() -- It L < ro) transition process suarts nlear the wvall anld is nlot finlished
b~y the time of -reflection. hn fiiv. the uvi*\N born wave (tovs not enter fresh mixture. The flowv
(listurb~ances (hiring the stage of lowv velocjtAv fliie prop)agation hauve Puiig time to reach the
w ~all. Thait is -the reason we shazll consider the w*idtl loadling for the times t < t* to b)e the samei
as for the RtegimleNo1



Pairt, 4. Mdathematical, mod Ifn of i 1eec m.,el. taniks frahgmieitationI under tile

To analyze smi''oj
earth orlbits there aire- first experinwnts on fraitunwitatiou of thiin-walled slil trcurs iiI

the- action -of! hiteini explosioir t41 imid 'lIl") 'tteiiipts tosolve the prob~lemu theoigetically. ill
{4.2, 4. iiiithe s t matherhatical inoel resgctd that allow to calculate anl aZverag e

iinbef of fragnwltnt' luirethexresiult of breakupl of thinl "Ilindrical and sphierical shells

undet 'the_,4tion .of d; namic iternalladn descridin Part 3 taking a(clzto rget

The following assumptionls onl shell geomietry and it charactcr of its de-forming and breakup

1. Th sels hn ir<I( -Ot thickness..r-tesl radius").
I. The eff ect of i~ii inierida dyna'mie load is modelled by pre~ssure 1) 1p( t) deending onl time

and i66ing iiunifornily distribuAtedI along tho~ internal sm-face of the sliell. ('haracteristic tunle of
the. load'dtolf> h /(4 '(t is the soundsed ill Ohe shitil).

3. The, shell material is considered to lei~t- soviscoplih~stic and p)rovess of its deforming is
adiabiatic:

4. As u conditiou of the shell breaikupi li ginini the enttropic criterion of at limit specific
dissip~ationl (4.4] asissumned.

5. The shiell breakup) is aissued to occiur as it result of thetio of teinsile ring stresses at

atent, osideefl 4.2. 43 ,1
Due to the first three aissumptions te problem onl uleformnizi I thin 'Shell canl be Considered

as the one-dimensional spherical oie.
then the miomentm e(Imatioln has the fibu:

4where p - density. v randial velocity, r - viiurent valute of the shvll radius. a~q - ring stress (the
averaged stress over the shell thickness). a dlot over it symibol meanis at material derivative with
respect to time.

The rate of ring- detformiation is oleterinewd by:

other deformations atre absent due to the shell thinness.
The equation of mass conservation has thle forin 1t /p -2 1;, fromn where we have:

where po is the initial density.

j ~ Typeset iy 4A. 4s-tjx



n r

-3_I

th-dvnlit viseo~iE ()i iTZ.'jtl. strs tv bLIII (r is

Simpl teso..Hx). iettu Vsid( flutioii. Hermewih hsl'stnor0,1 dividle' 'I

.into spechS, 4ddoVdt)1' m1?itias 11lit 1.'s assiuil thit tQ5c of deftO1'iatiofls -C411e

(hvt4de:into the ixes of eodu.46ti 11-H~WfW tulWlh~i~toW isicoIpressible6:

Z "* , + 4%

Sp~ecific, (pet s fllfl U1) vluiti pl -ali~ h~i~ dis-iptiOni P oiii o betme

'10fotegratioll arf thtrihe fobuli tht f3''ul

*14'

* 4 '9 2p 4'*~

Cal1ulation ~of the ,shll, tv'1 lpqil --jw dc-f Ll&)Vilig for fdliI)Iti aplprokil~til (,-an be per-

Herein c, is the hecat c'Uiflacity -it conlstant sh-cs-sc. I%i 1 cfiv'0tc301t of vo)lmiptric expansion

[44j.
Citeriou of the shell breakup) beginniing is the enttropic vritvrioni of a limlit specific (lisilpitioli

that for the Inliil model voulsidi'to'd is redloed to ntledwhanw-l (lissiputicln;

D1,"-D..

where b. is the constant of limit st ecitiv dH.issitioni ultwrmncd wvith using the experimen~ts oil
spl~ation fracture illit an c~1 ollisioni of lahtes (4,41.

§4 .2. Calculation of fragments' muiber.
Fraginents' niumber obtained in shll. breakiip itl hev ibiud fin the balance of clastic enlergy

and Work for breaking off a i rnterial. To describe fragimts' distribution inl terims of mass ill
explosive breaking of shells the W-eilull distibitionl is mlost. often uised that is the special cawt of

general probability (itiitions [4.7. 4.8]:

N(< i) = 1 i txp(-( .. L. (4.1)

-4,l



Hee .N(< 1f),is 'the nuliber (i frine.' with i u thaii Ill. i.s the tota , lbe
of fragiietwthnasuoerd0 (a thereic l urui n -iciracterjstjc 3111155 C)

distribuin A .101 h aidc of fr"4'nabii Ii1ht

>' IK 1ii';, 1), suluoq Nvthe ilio(?(h M =i in i.\)" for k A liis (-
ditrbuiolbcpie th -pi tIiivw:w' 0 A <' 1, i t has alluyiitr ~~ h ordiatv

axi Valueof ;Vji, p, fhie'-ht N> 1 .'iii o + t0

As ill. n~4 4 1 the unin6ddi dist uhuItioin (4.1,) %erjissatisfactdrily spectrat of
l~raku) o mtdl. ' hdrial hei o d nedun-~ied ~iCl'e (/r 0A 0.). Dettei resiilts

morpholgia _CQ11tctions: larg . fraignwnits colitdaiing-blothI i'swl J..l~r fae etcril d internald)

For ~ ~ ~ ~ ~ ~ t Jh ae.ni~tdsel~r eytinl: h/c 0.001 14. i1 Therefor'e, ovidoitly,, We- Citf

restrict ;ourselves to uiniiiodl .d,(istributtiou,4.1) znd assiune that all fra'gmnts c'ontain itli han
.internaksurface ancdan-externidI suirfac of thev shellV that is voitirijwcl indirectly by experiiiieits.

.Le~an~~ ni~miL etenalL rtn itrfac'e of a fragmenclt bp effual to S', its int~iia
surface bealso equal -to .~ ,(due to, the~ sh(A1 thiml s.adae fisltrlsrae-2h hr )
is thesemiimeter of the conltour i. The tlrugiileia amass is mi A -46rthjeoe distribution iut
terms ofimass (4.1) (-an be presevnted in thev form of disrriitition in terms of areas sof frzigmients:

where s. = m./pOhL is th d tis ta' l te fratgmenvit.
Numiber of fraginnts W~ith ite~ s' < <~ il'~ will, 1)0 tiquhl to:

<~s . K") --;A ( [exp(-1) Y' exp'- 7 )I

Suppose now that from the total specrumi of teshell frag, t wit ara 0 < s~ < 7 d i
the initial diamieter of the spherical shell) oeo (:au extract K Igroups of fragmients with Ilrelti -I,

-42 -, Kk 45mi < Sl _< -4-2 < KN < -iax I d ( ar etin mlinlil and Inaxxinuda
areas of fragments. Let all fragments wvith areas Is 0.5Sl I prove~ to be withinl
the group of fragmnents with area ,;,. all fragmenvits wvith area",0(s , < ' ) . 0.5(s" + )
prove to be within the ioul) with area .~.et '. up1 to tw he group with area ,.~ W~hereini there are
fragments with areas O.(k-I + -tk) K

Furhe inplceof ditbtin(4.2) the followiing distribution will be uised:

< s 'Y [ 1 - texl)( "m " I'~ ill < Anr (4.3)

Then the number of fragmeiins of the groutp xj (j =1. 2. K) will be equal to

O.~ji+ 8j)- '

YN -1 (~ 3 j+1) Ij exP(( ) (4.4)

j.1 -2. K.

Here so = ilij - i IK+i = 2 sjmj

System (4.4) of K equations for calcuiation of the fraguients' mnber of the groups canl he
complemented by the following twvo equations:

N

.S) N (12(4.5)

0 0. *.,T , 0 .,



A,

* Eqatin.( 4V11( U~S tlit tc 'i111111rwe~~ara f ct Iill stirftc(. (if tlit* itagients IS (IY 

equal-to thel hell arte,i quto(.)masta ~elitc(1(ry ~E~~

accumnulated jin the lit iA eie' ~1dtS
.kE'(O,< -Pt, 2)oAvmct!r2 oisumniptlol 'for iforll;t io11 ofi Vekil).irfwsisiimilc

'intoe Utm(4.6), FA rther was assilillecI ilvail"toisht -'I ua es viei* jlid (A.(

Lformuationmiof -breakup suf~s(1~. kt.. ) Heiim is thel slWi6f( lC ir . COi15U1UL'(l for

1ohii pnllofth? freO 4Mliface inlit., vis h$l1H)'lie(Voafraiiic'it of t lie, jthl-grolil).

0niiin (4.51. (lie 161opwig palo :a )' iiXdfoi (4,G)

.Z .;(p;(4.7)

Tofind~~(2IC +t 11I um'onInad~p.N.N hr le oliy KI +- 2) oQWuttious (4.4), (4.5)7,

~md~(47) 1S'~ tl( 4l.1ii jpu frtilhslitim of epi~itioi (4.7):

Phlysical mieuaning of (43S) efllsists inl Lt' iolowiug,. Onec-half of enryit wessai'y for formaltionl

o~f breakiipml 111facS MICIUlM AIh ,J-0h fratgmenvt Wit 11 areau S~ an1diamassi1% is extracted fromi mass

- in 1 conithined inlsidc.h'Ihc fmalgnlt. anld the Seoiud idf -froml the( olitside (fromi nevighborinig

friiOmehts)- This is qpantly o rvasoutiblo assmapt ionl.

4The r-est of (IC + 1)eqpuations (4.4). (4,5) (1111 be vasily solved itow. At first we find:

A10 (4.9)

and then according m (1.-4) all VjY van bi- (1vt('rmlne(.

4 Notice that if we lilt rodhW( t he ioII-ilileUvilili coieiviit. of shf1po Ij .>,/pj [4.31. then wv

will obtain;

For jlln figuires the shape votfiient, vchanges within the hlmits,

<I < I/-. (4.11)

provided that its maximal valute is the one for a virclie. As follows from (4.10), fragmlelits of a1

greater area are less voinlmt.. thaut is verified hy expevrimeitlits onl (v*inhdvrs (4.81. Small fragmlenlts

canl be considered as plane ones. therefore the following'U reIstrictionl froml below onl thle fragmcits

area is dlerivedl from (4.11):

that is necessarN to take into account when I is1e1g11oen
It should be niotwl that if the characteristic inear (iiveiii of a fragmnent 1) = )/P is

4 introduced then it will prove to be that
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. the ,characeristi Iciiientt dinioi.ion ot ;ill -fra-ilnt<1)oliups is the ma Ile .;Ajd, coinicidoent Withp .. te -oieolbt~iiioed tsoluitioni of, the proidc-ini 'fhenal fflliit ti asslieci to be thle 'Ntiiie

~~~j4 ~~ ~t 3 de.&~idi~i blem-
'For the collsidlere(1 pIrobl'eiii'.on,shiell Itinettio ie is-it nuinber of paramieltefs which cail
,he~ivied.illto' two parts: paianieter ON Uhrate(r iig ithe shiell, material (pu, it. 1.~ ,.J.*'

V Vand par~ieters~onwlu li stribittion. of frai-iias lin terms of liass Ii( ).)(k)Il.
For -the 'kniown i oistruc,,tiotnl ini'teiials suchi parainvrers as density tinoer thl~ifi i ni -

dhtiorts pp, sheak iiiOdlulus p. heat capaity at constnlit stre. s~s c,, coethiein of Voluhfietric
'ex ansion Or .s tatic el-asticity 1iodliius inl simple tjilsionl .1" are- table values. It is niaturally
that~iii (eiorniiig .ptrOvcCss wi~ithciangiig telpierature T. density (3. pressure. -rouith (f lastic'a.

anz~lfationlsthes l aiafliet(ers -iiii .7,1 and sha-noiiu are, to

dhalnge. in-the (leforiliig rm.Iw-adn to fl, tii)eG iiia ndl(.)

Here J(O) po are values of piarameters under the norawl C'Onditionls. '1 9--" is til intensity of
Pl~~~~~~tiC11(~ 'eOlitCf5I,~ .% w Iare voiistaIilts of the miateriali. These conistants for mnany

materials tire presented inl [1i.
To determine dynamiic viscosity of maiterial ij is niore compheatted. However, .-his l)&raneter

is also p~resented for niany materials inl tho papers utsing the- model of ai solid defdrinlable body
quick-response to (leoriiation rate (f.e. 14.61) .

Parameter -1 (energy necessary for formation of the breakup suirface utnit) is also shown inl a
number of paper,, (see, for example, (4.7. '4.81).

Now consider briefly deterination of patramle-ter D, beiig liiiitiiigspecific dissip~ationl (Crite-

the experiments onl spalation breaikiip inl plane icollision of pla's anid wnmerical modelling of

this process. it can bev done by the followig way.
Inl experinents a plane collision of two thinllates occuirs: anu inpactor aind a target (see, for

example, typical exp~eriments 14,101'.. As a result of shock interaction of compnlression anld tension
waves, inl the target under the vel'tfili conditions the- region of tensile stresses expressed briefly
appears, these stresses lead finally to formaution of a spalation crack and inl a number of cases also
lead to a complete breakup of the targeYt with withdratwal of a so-called spalatiomi plate. Spalation
fortmation berones apparent inl the graph of dependence of the velocity of the back target sufacwe

ivelpcticur the = ari/andet 1'0 th be0nst soiidce fcotdresultsith experiment i nse

achieved, and tbe rest of experiments are used for control of lparaiiieter selection quality. Thus.
for titanium inl [4.4] the value D. 73 k.J/kg is chosen thlat allows to dlescribe quite satisfactorilyI a numiber of experiments.
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Parit- 5.. Frzieiits acceleration by gns ,cloud jiropagatiug- into, vzicuum.

;Ihis p'artd o o;-investigatfionls is denloted- towobtailiin_ thle'rate oif final velocity of fragmnieii421
fohnmed' by explosionl of tfic ful.l tanik after bteakinig Ilp its walL Us*ing- Sonme assumnptions. We
managed-to reduce -the numfber of (hleaines raiki~ lliietei5 of th p~roblem to 4:ga
adiabatic cons tant, relation of 'gas and fragiiet's dlensities. initial veloc'itv of a fragment related
to the Ravle;" 11 sound veloity and the pene ali wd (I ag COeffi('cint. We miadle vsjuptitationls for
.lpheridala ind cyl;izndrical cases -inves tigatting- t Ire vast diapasone of paramleters. obtainled alray
(if the finial-fragmenits velocities anld thenl N 'e mlanaiked to obtaini high1 precision approxination
f6rmhula coi nectift the hnld (ilmnenlsioniless velocity of a iragmnient wvith the 4 p~arameter's iiwn-
tioteii-bove. To obtain-then the real velocity oneAIias only to inultiply it by the Rayleigh 511(
velbcity chicuhted, fornte ntap~~ntr inl the. pas cloud.

5..Problem- st Atem eht afid 4ssiumptious.

We assumei thiat, the iniil gas cloud is imiform and( has a :ynmetrical shape (sphierical
or cylindrical). For it propagates -Into vacmi-un the (listurbanlceIs inl it olecremse inl the process
and usually after reflectinig fromn thev wall propagate to the cenkiter not affecting the fra-ments
originated from the brokeni wall wC wevsull that- the niom~miformities of pressure inl the initial
gas canl not affect heavily onl the rate of the finial results. However we mlust at first obtain the
average rate of piresstirv anld temlperatulre ill the inlitial -as. \Ne dto it accoroling to the following.
formulae:

P U = j pd U.( -T) .T r 1"

0 0 U
wvhere v' equals to 1 for cylindrical vase and 2 for sphierical onie.

We assume the initial velocities inl the gas5 e(ItmlI to zero.
The main assumptions concerning the frffinwits -are- the following: wve consider that thev

fragments affect onl the gas much loss thanl the guis affects onl the fragmevnts so we neglect the
first effect. Then we neglect the friagments influevnce onl each othier. So we assume the fragmnts

0 ~independent andl not ateetig the gas, motionl.
With these assumptions we ob~tainl the fbilowinig mlathetmatical mtatent of the problem.
We will use the Lagrurtges approach to the prolem consideingii the mass of,-as from the 4-iceneq

or the axis to the fluid locuis ais the Lagranitan roordinate. This approach to gas dynlamlics is'
widely described inl literature (f.e. inl 1.1). The Lagrangian as coo '0rdinaute here is (leternlinled
as:

At first wve introduce the diinvinsic nle.s coordlinates ama I varialdes according, to the formulae:
p = Piuj3, T = TnT. E = FJlE, 1) = p~jr = RN. .~S,. t = toi, t, = Vb, (i.3)

wvhere p., T, E. p, Ill N', t, V' corresponl to pre..sitne. temnperatue. internal energy, density,radius (distance from the axis or the center). Lagmiunpian mass coordinate. time and velocity of
the gas. The scaling rates P0, and To~ are considered to be theo average pre.s.sure anld temperature
inl the initial gas corresponidingly determnined inl (3.1) and the othersaigrtsaedtrnno
by the sequence of formulae:

1)0 =- i, top li Et=) -- t5.4)
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Her 1? S.1' J/(SIL 1  ile Miiel oi ostant1. IV. is the. aVer molar nliass fg. '.@,

aii R0  is the initial ra(Iit of the gais choiud. -O( )e vatn :wc' from (3.4) that the vvlovitv A mahi

fate is the Raylvigh soui4 oitycluae' o iital .. pamrtvrs'.

Meow wehlremiove tlt u lft~ it h formultassI~umaiig al ithe p~aramieters inl ill
niie ofl!s-fIot sf)illV ilneiitioli(d. -

\\Te haetlle-balainc(N oftlnss imilmilse"Id energy.Vl in gas to',gtor wi th the state v(plitiolI.

0 Li O0k'. 01

V01.

Here -y is the gas adiabatic ratio assuimed to be collilli

The boundary conditiuns are deterunhed inl the vcener or onI the xis(. = 0) anld at the edge

of the ga s cloud (.q ~ As.,We forset that the -,as pr pagntes inlto vam11 the value (if

is consgtant iwthe process. The value of -SO is rrundicodml to thle de-terniiiatioll of

th6Lagrangian miass variable (5.2):

So we have thle follOwillg b~oIlidttY ('oll~ltioll$ to) olesi'iit pas propagationl into vwuumn:

0 ): 0: . D~D '=0 57

The initial t-o11(tioii% fire Simple macocrdhng to 0111. nssuimpti()is aud the waiy of determining

dimensionless values (5:3I):

t t0: r0, 1. T =1. 5S

~e can soee that the-solutioii of the, prob~lemU ill --clietral II il imensioless5 form dep)enIos onkl

on the value of the adiiahtic coefficient

A fragment in tile gas flow has the following laws. of niotiomi ( in oinintional variables):

Miil V0) plt-14I Op =' It..
,it -I 2 d

where:

S' - coso + P + P-)Liso. Ci = C41(k.f).-

Here in is the frutpueut- mass. (I is the tragililit~ \ elcwity. E is The area of onle Side of thle

fragment, 6 is the frien' tIcnes CiIh lacefcetssuin Ig the velocities h1igh

we neglect its cle1)enInlee onl the Reynolds number). S is the effe'ctive areat facinig the flow. a i

the angle of fragnient'surientatioll (zero if it is face-d porpendicular to thle Hlow), L is the effectiv'e

size of the fragment, f is the shape coeffivcint. Here we( -assitmle the fragmlents originlatingp froi

the thint membrane wall of the fuel tank with siz~es niuch less than the diameter of the tanik aind

the fragment's surface qurvatnre radius equial to R1,.
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Thefragmint iii the flow rotates of couirsv. wett xv ,ill aitnne111 That inl its rotation the effective
onentto,~( th( lo Se1) its -~hi~ vu fhp cWflt iever changes inl the process

f f tpIagniit; .5~o we obtain thalt the vleof the oxlirtssioii Wd'S)12 in the second teri of
theii1uW t 1 uiation (5,-91 is constaiut.

The initial conditions for the fragmllent inliml inl'~~m r t he following":

t 0: 0i,~ r .(.10)

Usin~g dIimlensionless viablad conlsidering.. thev scaling- ratev for xc equal to Ro and the
4 scaling-rate for a eqtmuil to V1 .we ('all rewrite the law." ofiotionl (b.9) ald~ tile initial. Cond~itions

(5.10,)-for fraklmenlts (reimioving tilde): 1

(li -A)Bpu-'i (,1

*~~~ t0: =.r (5.12)

The dirnensiojiless nmuibers G. B and U coir,'slpond to denisities ratio, generalized drag Coef-
ficient and~ dimiensionless initiail velocity. mnd tre de termined according to the following:

4 ~G = B = 4 S - Lu .(.3
M1 pf 26PO

The result we need to obtain is tile valuev of fragment 's Nvlocity at the ifinite time from thle
begining of the proct-ss. so it' is indlej)endent of the timev scatle. We will note it i~(dimensionless)
or u,, (dimensional). To obtain thle oliniensiomal velocity we must multiply dimensionless one

4 by V0 (Rayleigh sound velocity for the initial gas parameteris).
So using our assump~tions we reduced the set of Ipariaiiit(ers affecting the dimensjonless final

result to -1, G, B, and U. Below we w~ill describe the coilpltational model obtaining arrays of
ii, and finally the approximation formula takinig ito account these four parameters.

5.2. Numerical model for gas cloud pro'pagation and fragments motion.

To calculate the gas motion the titiierivcal nuIlls was lised describedI inl 15.1]. We uised the
differential network of N =513 niodes {.) 1, , = ().- 1. vav'h node vorresponding to at
definite value of Lagrangian umas's coordinate. The network wms bililt unliforml relatively to thle
initial state of Eulerian radius (nunl-uiform relatively to the Lagrangian coordinate). We uised
implicit scheme to approximate the gaisdynaicis e.(Iuation anld a "plaini iteration" technique to
solve the problem onl each step of tine.

Actually, the transfer from the 71-rt to n + 1-th tine layer is ob~tained from thle equiations
(5.5), boundary vondlitions (5.7) and initial conlditionls (53) alnd looks, like:

k k~ + -r 1 II + Ik1-i=0 .* 1 -J

Il +I4-I Pk P- u

- ~+ +.(~'+p (lp~ /4 0. k = 0. V -

0/l~ I/i 0.
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_ N - (5.14)

Here the Valuei(s ofk '4 PI ka"re c1lC1ult(l inl the .- I 1(1'. of thedfeeiilslc
the other valdues are valcuhlvd betWeenl -,k Mnd - - Il = 4'~- 7j, is the til(St l) Vale III

In order to sire'ss oscih..tis we .et ihcfial ::uixiiso.sity, addintg it to pressure In

the ililiijlqW equllat(i it is cajlte(l by thet Steqiilet1 of1 filiaem be1tWelI1 .,k 'a11d 'lk+i a(ccordlii.,

to [5;11-.

v~ +

di, L 1A =(~':+r'~)h. V=1

The bbundary 'oniditionsX iii divI differential scliviie a re:

4 - ~ _ ___0. 0. ~'i~ 0. (.0

The, initiaL- cond1Citjis,

(jo0. p) 1. T)"'=I Eu=l11--1). k 0...V- 1 (5.17)

The algorithmn realising the scee(514..1)i I tcie inl We utsed the simiples~t

techniques of "plain :nio" it requires hei modified Courait criterium for the timestel)rte
Actually we uised the ciiterium itking the Neumann s. viscosity and possibility of breaches into

accounlt:

4 f > ( 0.(:~ cV )/U.. -here
k 0 i 0,2rl+/I~

+ 
+1 "++~ +,, 1) I , +I;~ ip+I "'(1 1 k, kI+

+ +W k+1 +.4 111
#kT11T T1 . "+1(5.13)

To calculate the fragments motionl we,( 1Iise(l h peiio-o e techniques. or the modified

Eider techniques of the sevoud order aplpro~xiiiiatioii [3.2). We calculated tho' fragments motioni

on each step of timev after calculating. gas motion. ',o we uise~i the samle rate of tinestep. As the

4fragments do not affect gas and each1 other-Iin ouir mlodel. \\-e tieated a big niunber of frag nieiits

with different parameters simultaneouisly.
Actually to obtain miay of I We e1xained the following- diapasones of parameters: G=

10- 10-1. B = 10 -+ 1000. U =0 1. There wee7 valutes of p-maameters taken from each

diapasone including the lowest and the highest valuev., s 343 imodel1 fragmuents were examiined in

4 each calculatio~n. Actually the set of values uisedll n alvilar ions looks like:

G {1 . 0-4. *-0. 3 10-1. 1. i . 10-1. S ~
Bi {10, 20. 50, 100. 200, 500. 1000).

{O =(, 1/0. 2/6, 3/6, 4/0. 3/0. 1}
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T lle auationvit-self -d'eji iidecdalso oil t V, v of oilite t~ie0 V1~i )iT(l

or ylndrca).i.e. on i'v. So we, imade calculations, for ~ 12~ 1.25; 1.33. 1.40) n d
I)oth ~mtries (i)tUiii iali case 'a rrav.4~ a -F ,

Suhu, a of '11clsols, lI~amiiters inakcs it pssible to ti-to oti t~~oi

ftnation~fonn1uiiltfor y" 11isaige of thlis kfhn-cii save(,Il..iINt clcutlations time. This formula ijeecis to

- 1)e -pre6 se, enoulll in ih d sonle of~aaiotr iciijivi'I -above;

'roobtintheforul -~e uedujiinu -o pire(nchni ies.. hiowver slighfltly mnodified. LLet u1s

where the~first terin is the. cak-lcuted array, ,IVIdVxes i , .,k corresponld to the values of G,i BpL.
uslin i calculationls. anld the seond~ one~ is th lj(tj)proxi'lnatiNv fiiiucticni o neved to obtnin. Tilt

-Ininiinial squares technliques reqiriUts 5to iuliuiiiv.e the funlctionail:

For we have ralculated the nrray V for certain vaius of and vi. then we need to suggest a11
set of'W formnulao for these values.

We suggest the following formula consistng. of 10) coefficients:

W=U+ C ~ B 1  1

1 + C',GB + C-G + CXU 1+C 9

We have solved the problem of (1) V'ahi milnmizationl for thet values of -j and I/ mentioned
above. As the inihnmnii is close to zero, then to find thet values of C,, array with iainiad
jprecisity we actually inimized not (1) itself hilt:

=flou, 1). (1 < 1.

We applied the hieavy ball techiq~lus to oAin tl he iimuniiiii of TI (3.21. The techniques of
gradient slide [3.21 hve is less amvaihe. fot thet 10-dIimensl.ions T yji Irliface hias narrow paps
and therefore the gradient slide, requires" mucht-1 more. steps to finid the mlinimluil. Inl order to
optimize the p~rocess of iinninization thet fric-tion coefficient was different for different dlirections
and it raised automatically wich oscillations of the all

Our results are showvn in the tables 1-2.
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"~ V '~~)~"' .1.______1.23-_

'-,15353-1 "3359i .1SSJ- Go ~2O e1:

C1  2.55SOki-1' 2.5330e 1 2AOie' 2.4998(-1-1 J
I" I.O!~)140e+ '40e( .5274+0I

L-1 ; I5722t,+() 1_'5319o+0,, 1.4S73v+() 1.4571v+0)[,.5 0-2' ________ iiiii -2 : 1(-e2 _1 1.797S'-
____ .1635ii4-0 __1253:3c4 1 S43co+L 1.2075v41

________ __ _Z3e 5.3S4Si-L

-~.5.2481f4) '9 .5~+) G~+ .471c--
__ __ _ __ _ __ _ __ __ _ .~ 4.95oi-4 L 519(--4 , Q3 ______

Tetbl.l. Coefficicuto, foi, cphrr1:ul w. (v 2).

-~ 1.40 = 33 j 1.25 12

C0  4.S9li-1 I- _4.9544i'-1 _I 3.0207ti.- .,072Ge-1
C1 . 1.3Q0t+Q_0 1,7G8So+0 1 1.S1 23t±(). . 1.S4l0tt+()

C.2___ -105- 1.GGS9le 1.3____20v_ 1_______ J.Su54Ge-1

C3____ :3.0-1 ,t- 3.0727e - 1 :3.0iG~ I 2,9TS&e-l
C4  J.3203v+() 1.3593v4-0 1.3791tt±0 1.0100(.+()

1.2600v+() 1.2'203Q+() 170) 1.1426v+0

C6 1.7082v-2 1.S'213t-2 -1,9054tt'2 .2.0694e-2

C7  1,.18te+() .1.1133c,+() 1.1232(40 1,1310t'+0
C8  -5.2005(-,l 4940- *4M35v-'1 '-4.4332te-l
C'9 _ 2.47G4t-40 2.46714+0 2.3980(-+t 2.3645(1+0

(D9.28v-4 9.91e-4 1.08(1-3 1. 14(;"3

Tab 1.2. Ctufficwidnt. Yw cyli(Iric~d cfisc i = 1).

It call be liotied~ froi the( tnl des 1-2. t hat. tht ivv~eisiy (iil'ap )ximiati is h5 ighl so that r he
rate of relative previsity of 1. in the vx-nutied di;1jnIvie () pmaiwt et i, t~mliiuutvd ( wi ily
the precisity is muchwl hidheri.

To obtain the( ~ipproxiliaiol fot uit 1,11611' hn) m'ot. we tie die Laurafaiu pd6111011.
so that if IF... is vlcleliate( fohr r~Tf(huL Ow li I l 1 )1- 2. tithe valuec 4 I' for -y is veIdehte
(see [5.21):

II =1111

Tilis appioxiniatiou formitht is the( 111,611 rve,11t oft r i, pair ()1 out report. It cau siguu'iivalel\
*simlhifyv the valculintious. To obtkl ali, de vi~imsoai value ()f the( frauwieurlt finlal ~Vloity 01i1 (-,II

multiply IV by the( value of Rayivit0oid I on ehwcityv ialrulated for the averageI initial paramleters
InI gas:
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The--tests. of, the thteof tical, model. d('Y(lopedo Were iorinled for the ~viases of detonlationl

propagatioh in, Jhydr()g-noxygf%'o ilre- a1 cyltlindrcl ota with ~thiin walls. The
-paraiflters te('itne d tof iinttrc'WQ chiose c I i'spowiiing to' the ex perilijelts

:cesriedn 4.]. ijceth iiia.~re~ue nthe tank is not ,,0 high it wai s consideredl thatt

- t orh~e shetll are -the followin".

T" 21'

1 + -; 1'2

where n'o initial inchis, (if the shiell; (, -displaccvent.

Taking into ucotuit tilt- res trictions -on the winhnzd fragnts' areat obtained in !i4.3 we
as~ume-that for the sinahlest frguments their arei ik ,; = 2-( .. ~

Totally K 20 groups of fraguicnts were reguarded ill thec model. The areas9 were equial
to si-_ ,4j-i 100' 2.3.,...20. The properties of thev materials of thle shell were the
folloWing: p =2700kg/nO: pt -27 GPa' v, = 024.3 .1/kg,', Ito = 6.72.- 10"'K",; JIo = 0.29

GP;Jm~0.6S Grin: .1 125; b, -0 06GPt: \ =6.2 - 10-IK{'; ,i=0.1.
Tile diatal on Chemical prop~erties of cnnhustile mixture isidle thlt tank, energy release.

conibistioh rate, activation energies and DDT p~roces-,s is shown inl the table Fig.6.1. The data
corresponds to tilt hlydrok~vnloxygeul nulxtulre simailar to that itsed i the experiment ESOC-2

hlitial, cotiditiorms "e()inc~ti' of u fuel tanlk and physical properties of material tire shown inl
the table Fhg.G.2. flecalcillatecl properties of mixturev: initial and filal equtilibrium states -are
shown inl the Fig.6.3. The key lparamnetvi-s of detonation wave propagation and its reflection
from the wvalls both for cylindricall-anld sphevrical rtulks for the g.ivenl initial anld boundadry
Conditions aire shownl inl the( Fig.6.4.

The lpresstile - time diagram of wall loading is shown inl the Fig.G.5. It shouild be mentioned
*separately that initial time (t = 0) onl thet diagrun for the etsv, of devtonation corresponds to

the moment of the onset of detonatiol annd not to the timle of igniitionl as it canl be easily seenl
from the tab~le (Fig.6.4).

The key parameters of thel shiell lunder the iniffle of the loading art. shown ill thet table
(Fig.6.6). It is seen that bo~th for cylindrical andl sphevrical "hells thle fragmIlentationl occuirs

* under such conditions.
The Fig.O.7 shows the diagramn of the totaij numnber of' frau~nients of different mnass originating

as a result of breakup of a cylindrical and ,pherical hell. Thet total number of fragmients for
cylindrical case is larger thani that for a Sphecrival onev clue to thet particular lengthl/radiuls
ratio for thle cylinder (see Fig.6.2) that gives a largec suriiface inl comparison with a sphere
of the same radius. Thet experimental results onl distributions of fragnients' number versuls
mass are show~n inl the Fi-5.G.S (vxperimeontal data 14.11 ). Comparison of the results shows'
that for the part of spectrumi contiingj latrge frapmneimts coincidence is rather fine. A slight
differenlce for smlall fragments (theory gives a lar er number than tilt- experiment) canl he

,) 9 ~Typeset by At-



explaineti by the-flac't thalt ill vcitrseof t-eprntsotall the fizamnts were-collect(L
It is . mehtioned ,in i i 1 thitt for the test. case ESOC-2 1.3 /4 of the total nmass Wis lost thi t
equals abdiiit2Q. grins. The existing" ciffeiyneie of m1ass for smalvl fra-ments inl theoretical and
kpeiiii~iitaiiFNeslh's. is finut ilssthi i- ~l

V.The plo1ts oif finali vlocity. of fragiiwints verus, misor diffreii angles of 'oientation of
fragmnents are, givee ihthO~Fg09 The-coiiicideiwe of final velocities andlbreakul) velocities "

The Fig~q'AO shows thle total.mlomenltuin distribuitioi 'of fra-meuits versuis mass for linl
drialan~spue'ial vases o difee t ies o-orientationi.

-To demonrstrate the jitdluezice of thle type ('of thle process of eniergy". releaLse iiisidW thie tanik
the hext set, of figulres ilutrattes the li'reakup ,of~ th ainc fueltank in cse the pute comibts-
tionl (deflagi-ation) takes lplave inside thle tank '~..1 0 10) nd deflitgratioii to de~toniation
transition taksplc nerte al h ak ( Fi'-s.6.1--G.22). For the 1,s ase anl over-

* (iri~en str~iuig)detonaio ave reflects'.frouu, the wvall anld pressture atrherfctclWave

is higher (Figs,G.17.AJ1),thal in-ease ofuorinal detonation (Figs.0.4. 0.5). thle Walloading
for. DDT process differs for c(yindrical and sphevric-al cases ( Fig.6.1S). As a result, a larger
amount of elastic energy is stockpiled by the tiniv of breakup) ( Fig.0.19) and the number of
fragments increases (see Fig,.0.,20). Mlaxinum nunbihe of frag-ments is moved ihl thle direc-
tion of smaller muasses (Fig.G.20) bo0th for cylindrical and sphevrical cases. The fintal velocity
of fragments (Fig.6.11-) is higher thtan inl eaise of n1orl-1 detonlationl and it doesn't depend
practically on the orientation o a fragment. Total momntum of fragments also turns to be

* higher (Fig.6.22);
For the case of defingration wave propagatig inside- thle tank the tiuual equilibrium pressure

in the tanik is the same its for detonation hutt it needs a longer period to reach this pressure

~- *(Fig.6.12); The results show that by the time of hreatkup elastic eniergy stockpiled by thle 0
wall is nearly the samie ats that for the ya--se of normail dletonation (Fig.0.13). That leads
to practically the sione fragmentation p~icture' (Fig.6.14). But fintal velocities of fragments
(Fig.6.16) are less than inl vase of normal deto~nation. Orientation angle of fragment in
the expanding streamn of reaction lprodlutt plays at More Important role for this case. Total

* momentum of fragments after thle brevakupj is less thau i ease of normal detonation (Fig.6.10 I.
The results showv that the angle of orienitationi of frag-ments inl the expandinig reaction products

p~lays the most important role for the case of slow lowaohng (, eflagration) ( Fig.6.16), p~lays
smaller role inl ease of normial dletonation ( Fi 1.6. 10) and ratalydoesn't influence the
results for the ease of overdriven detonation reflection inl DDT lpit)(ess (1.6. 2 1).

The results of numerical modelling show~ that the brevakupj process. thle number and mass~
distribution of fragmnts. and their velocities differ preatly depending onl the rate of enlergy
release inside thle tank and this depenudenee is not 11010 ot ill. For the lowest (deflagration)
and highest (detonation) rates of energy release thle nmber of fragments is less than for thec
medium rate of energy release: i.e. lefiagration to de-tonattion transition. Maximial fragments'
velocities and the tinme before the breakupl for thlo.se three.( eases are illustrated by thle following

* table for cylindrical symmnetry.6

Parameter Deflagration Transition Detonation
I l~~~~i'POt'5 j____________

breakup
0time (ims) 7-017 4272 1029

velocity (ii/s) 900 2300 I1000



'thisd dezwle -of, hic 111)uph liri t ics oil t hi re c.ot het eurcIO'N re'itICIS iu(i41 W e 1'e
tank o,10e 15 to kei~eeel as it. lwls u1sually dolle In'feore.
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the nuie faunns i~ii~ isei ll onrary to predicitions. Thle increase-of flinl
veity 4is fie itha 8im0%t (SeFg624.$urriginoets'lhave-niore strong d j) Il(tell of
Mv~boty oile WitaIl age

*Th6 inits; if"ILhrg "fraginentii ci to thev preitionis was to increase 1T times, bunt it increased
ojily '89Otunes (voaipar&*0-Figs.;.ijd .3

lu the stil.lfts show, that thi itnilo. oeist simailaritv p I'llraznt crs. for suich it vmupicated ~
lilliiofinita as lirelthipof a fueli tank iiiid scailin of mod let tanks is at v'ery difficidt lproccdltie.

To applyr the revuItts of ulodtel eNIperinients to tOe real fulel tnk it is nlecessary to make um, of
general theoretical model1 of the i3;pv wev di-scribl Iamad i or snulple svalint4 lmritiett'rs.
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zone~s inl thti shells of Variable thickniess call leadI to a completely different scenario of breakuip
i cases of slow and inteiisv loadings. The breaikup scena,-rio for diiteremt combiniations of the

vaiiations" of shll's1; thickihess (shell niouiformities) and rutvs of energy releatse is also to be -

iniVestigatedL*> *
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Dimesisioaiiess pressure on the wall per tlie
Pressure

9.76 Cylindrical

8Spherical8.78

7.81

6.83

5.05

4.88

3.90

2.93

1.95

.97

.00 .58 1.16 1.74 z.32 Z.90 3.49 4.07 4.65 5.z3 5.81
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Editing reaction's data, <ESC> to confirn
Input data on the chemical reaction stoichinetry

Brutto reaction elenents: Xl Z + Xl 0 +
X1 - fuel, XZ - oxidizer, XZ 1 + XZ 0 +
X3 - reaction produwts, X3 0 + ==> X3 Z +

4 X4 - neutral component. X3 0 X3 0
Input data on the reagent's properties 1

Molar mass (g/nol):
Xl Z.00 XZ 3Z.00 X3 18.00 X4 Z8.00

Initial uolunetric concentrations:
Xl .6667 XZ .3333 X3 .0008 X4 .000

41 Initial adiabatic ratio:
Xl 1.40 XZ 1.40 X3 1.33 X4 1.40 I

Final adiabatic ratio:
X1 1.33 XZ 1.38 X3 1.Z0 X4 1.32

Input data on the reaction energetics and ignitivity
Reaction heat rate, kJ/mol Activation energy, kJ/mol

* 118.000 70.000
Predetonational length, cn Deflagration speed rate, cm/s

12.000 1.000
Unsteady detonational length, cn Detonation's formation length, cn

10.0090 Z.000

d 0

4(

4

III

4
I

III
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Editing conditions and geometry data, <ESC> to confirm
Input data on initial internal conditions

Initial pressure (bar) 4.180 temperature (H) 230.8
Input data on geometry

Fuel tank radius (cn) Z5.0 length (cm) 125.0
Input data on the membrane wail geometry & thermodynamics

Thickness Density Heat capacity Volume extendibility
N: .50 g/cm43: 2.700 J/(kg*w): 924.3 (1/ME) 67.20

Input data on the stresses modules 8 uiscosity
Shifting module Elasticity limit Max, elasticity limit
GPa: VI0P GFa: .290 GPa: .680
Membrane dynamical uiscosity (kM*s/m) 100.0

Input data on Steinberg - Guinane model constants
Beta 125.0 b (1/GPa) .065 h(1/kK) .620 n .100

Input data on destruction criterium
Maximal dissipation (kJ/kg) 30.900
Energy per breach square unit (kJ/m4Z) 100.800
Fragmentation: charact.square (cm^2) 4.800 expon.parameter .50

4 - /

4

* e . . .•• •O

* ilI ! _ , . .. . . .



Internal-process results
Concentrations of reagents

X1 XZ X3 X4
Uolumetric initial concentration .:66670 .33330 .00000 .00000
Mass initial concentrations .11112 .88887 .00000 .00000
Uolumetric final concentrations .00814 .00000 .99985 .00000
Mass final concentrations .00001 .00000 .99998 .00008

Molar masses of reagent mixtures, g/mol
Initial: 11.9 Final: 17.9

Specific heats of mixture at constant volume, J/(kg*X)
Initial: 1731.3 - Final: 2308.5

Adiabatic ratli of Mixture
Initial: 1.400 Final: 1.200

Reaction's heat release
Release per Mol (kJ/mol): 117.988 Release per nass (kJ/kg): 9833.169 |

£quilibrlum final conditions
Pressure (bar): 5Z.673 TeMperature (H): 443Z.0

Type of the process inside the fuel tank
Normal detonation

Press any key to continue
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Internal process results (continued)
Time-pressure characteristics of the process

Cylinder Sphere
Pressure (bar):
Initial 4.100 4.100
Before shock 4.100 4.100
After shock 194.385 194,385
After reaction zone 93.064 93.064
After shock's reflection 1376.750 1376.750
After reaction zone's reflection 2Z9.173 ZZ9.173
Final 5Z.673 52.673

Detonation's uave velocity (kn/sY 3.015 3.015

Tine intervals (Ms):
Ignition -- detonation origin 1028.829 669.46Z
Detonation origin -- reflection .043 .043
Reaction zone near the wall duration .009 .009
Relaxation time .082 .08Z
Active pressure Increase duration .09Z .092

Press any key to continue
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Pressre(ar) Pressure on the wail per time

288@- CylIindrical

1888 Opherica I

1286-

288-

.M8 .813 .027 .840 .854 .867 .881 .89S .188 .122 .136 0



Tank uall breakup by internal pressure increase results
Loading on the uali

Cylindrical Spherical
Impulse per square (bar~s) .011871 .011871
Dissipation per mass (kJ/kg) 36.5492 36.5492
Elastic energy per mass (kJ/kg) 78.7556 78.7556
Final density (g/cm^3) 1.9131 1.9131
Final uelocity (m/s) 973.4301 973.4301

Loading time (Ns): .2001 .1001
Wall destruction time (ns): .1232 ,1232 P

FragNentation occurs: Yes Yes

I

Press any key to continue
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Fragments final uelocity

V (km/s), c~listdrical V (km/s), sph~ericalOrntto

- - -1.88 i iangle
1.688 - -MV 16

1.48. -- .~ ~ - '60
80

1.8 - - ~ 1.28. - 90

1* 08 ------

.8 - - - .680--

.48- .40

.28.- - 280-

-6.88 -4.58 -3.88 -1.58 .88 -6.88 -41.50 -3.88 -1,58 .88

CT.



Fragments final total impulse
M*V (kg't4/s), cylindrical MN4J (kg~m/s), spherical

sea I SOO Orientationi angle

Iii _ _ _ _ _

488 - -iiee
* 1 I 0 I i .

-8 358--
-000

-08 -08- 90

388.- - -38 0

28e- 280 --

158 -- is 1

580 - 58-

a - " 0 - --LogI8(H)
-6.00 -4.50 -3.80 -1.S8 .08 -6.88 -4.58 -3.8 -1.50 .0

4 I
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Internal process results (continued)
4 Time-pressure characteristics of the process

Cylinder Sphere
Pressure (bar):
Initial 4.100 4.100
Before shock 4.100 4..1%n

4 After shock 4.100 4.100 p
After reaction zone 4.100 4.100
After shock's reflection 4.100 4.108
After reaction zone's reflection 4.100 4.108
Final 5Z.673 5Z.673

4 Detonation's uave velocity (kQ/s) .000 .000 P

Time intervals (Ns):
Deflagration process duration 7017.515 SZ96.636

Press any key to continue
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Pr'essure on tile Utl I Per tiMe
Pressure (bar)

Cyl~indricmI

98--Spheri3cal
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Tank wall breakup by internal pressure increase results
Loading on the uali

Cylindrical Spherical
Impulse per square (bar*s) .010069 .010069
Dissipation per mass (kJ/kg) 37.4761 37.4761
Elastic energy per mass (kJ/kg) 78.5099 78.5099
Final density (g/cm^3) 1.7791 1.7791
Final uelocity (m/s) 877.4780 877.4780 D

Loading time (ms): .Z871 .2871
Wall destruction time (ns): .1911 .1911

Fragmentation occurs: Yes Yes

4 a

?re.ss any key to contiuue
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Htiiber of~ pdrticltts didgrammets
Logl8(Mumber)

3.08-

2.78-

2.48-
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Fragments final UClacity
V (kn/s). c~lindricaI V (km/s), spherical

4 ~1.08. 1.8800____ OrientatiOn

- angle

.98. .90_

.M8- -o-

4 .78 - - .70.- 60 4

.60 -9-0

.48.- - i .48 - - - -

.38 - -~2 3

.28 - - .28.- . ~

.180. - -.00- - -O(M

-6.88 -4,.58 -3.86 -1.58 .00 -6.88 -4.58 -3.08 -1.56 .88



Fragments final total impulse
H" (kg"m/s), cylindrical m"U (kgNui/s), spherical

566e see Orientation
angle

4SB 458-

480. -48-

"{ 45

3S8 - 35- -60
80

38- 388 - - 90

2.- - 258-

286.0 - Zee28. - - - -

15 8--,- 158 -- -

ISO 18- - 18. 8- - * *
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S .

e 6 ! , ,ogleOn)

-6.88 -4.58 -3.88 -1.58 .8 -6.80 -4.55 -3.88 -1.58 .08
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Internal process results (continued)
Time-pressure characteristics of the process

Cylinder Sphere
Pressure (bar):
Initial 4.100 4.100
Before shock 22.194 17.186
After shock 667.276 553.164
After reaction zone 323.792 267.774
After shock's reflection 4431.610 3715.500
After reaction zone's reflection 780.481 647.921
Final 52.6?3 52.673

Detonation's uaue uelocity (kns) 3.059 3.051

Time interuals (ns):
Ignition -- detonation origin 4271.789 2994.654
Detonation origin -- reflection .006 .096
Reaction zone near the uall duration .015 .014
Relaxation tine .081 .081
Actiue pressure increase duration .097 .096

Press aqq key to continue

0

4 p
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Pressure on the wall per time

Pressure (bar)
58 Clindrical

4568' Spher ica l

4886-

3588--

288 -

mee -- -
sea-- - -

a - ,-- I I I Time (ms)

.686 .011 .822 .833 .845 .O56 .867 .879 .896 .181 .113

I6

4 0 . *. .O .*. ,• ••



Tank wall breakup by internal pressure increase results
._ Loading on the uall

Cylindrical Spherical
Impulse per square (bar*s) .031508 .026749
Dissipation per mass (kJ/kg) 33.1112 33.5926
Elastic energy per mass (kJ/kg) 94.7972 89.5447

4 Final density (g/cNA3) 2.1292 2.1175
Final Uelocity (N/s) 2580.6010 2172.9766

Loading time (ms): .0590 .0666
Wall destruction time (ms): .0337 .0366

4 Fragmentation occurs. Yes Yes p

4 p .

Press any key to continue

4
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Mttibtr of particles diagraimes
Logl8(Mumbcr)

3.8-

2.78-

2.48-

2.18

1.58

-6.008 -4.808 -3.688 -2.400 -1.208 .088
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Framents final uelocity
V (kn/s). cylindrical V (kn/s), spherical

.88- 5.88- Orientation
angle

4.8,- 4.8-

4.8 4.00

3.5 - 60

(30
3.3,88 -,

2.58.- - .5 - 9

2.86 - .8.-II__

1.86.-- 188

.58 .- - - - 56

-6.88 -4.58 -3.88 -1.56 .88 -6.88 -4.58 -3.88 -1.58 .88
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Fragments final total inpulse
MKV (kgvem/s), clindrical MJV (kg'm/s), spherical

188- 188 - Orientation

- - angle

-00 988-

ee! 9 e ,I I.

e00 - s ee

45
70 - --- 700- 60

608 -- 680- - 90

408 408

308- 380

208 - 2e 8-0 •

8 - 0 - -- LogI8 11)
-6.88 -4.58 -3,8 -1.58 .08 -6.80 -4.50 -3.88 -1.50 .88
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Logl (tuber) Nmber of particles didgrammes
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Fragments final uclocity
U (kn/s), cylindrical V (km/s), spherical

2.80 - 2.98 Orientation
angle

1.88. 1.801

1.68. 1.68-4 )
't5

1.40.1.48-
60

1.28_ -- 1.20 8
1.080
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..........................-Appendix. User's istruction.

The program calculate-s piedictionl Of flik a11.,llcnt 1111W. 'Iliioss-UU1lliel (li"ttflhJtioi1. viil -

velocities an~d nllimeiltil ohei1 il vcuilbistromlpiocess.' Ii he closed ves-i oilll

4 (ldescrib~ed i-i the iepoit.

) The programi requires IBMN- AT or compatible' :38/ST or 486'. Niti \GA/S VGA monitor.
MSDOS ver. 3.30 or hiilhcr andi 640K' memory1.

Minimal set of files:
4 FTB.EXE - programn itself

14FONT - font for 2,1 al)lliic applic~ttiouns. Ili ca t Icei Of this file t he plrogran1l inl
graphic mlodes wvill uise (lefatlt, text chiaracter fonit bu %1111ihlsacray

Extended set of files:
*.INI - uiser-nianied files conltaiing iinitial (lata infiormiationi.

4 .*.RES - user-namned files colltainint4 i'esid~ts of calcuilationls.

Process of ca Icidla ions I (lcciti oii.

0. PRE IMIINARY NO(TES.

The program is, controdled onily b y keyl o ar( I wvit 110( IM Ota iiuouw To print :esults soiie(
external resident progr.aml is' needLed ( uha p1102,1ant miostlyN iiws < Print screeni> key to
be activated). If youi wanlt to take 5011Wl( pl iiited copies fromu thle plots youl mu11t riun such
a programi before.

1. START. *
To start the programi. oil(- should runi FTB.EXE . After tile first sc(ren appetirs one canl
press <ESC> to1 exit inmnediately or aiiy other- key to enter the INITIAL MENU. If the file
14FONT Iloesli t e-%ist or the systeml ( ;lililot acees it or if tbe(Ii is les"s available imicmnlory

4 than neededl. then the wvarning inlessailv applear." Oil S(1celCl:
-" Cannot access tileI Or alfloca'te mnevlnory for graphics tilnt datak

Then the system anyhow cllaliues tol INITIAL MENU.

2. INITIAL MENU.

4 This menu contains 3 itemis:
DATA FROM FILE, INPUT DEFAULT DATA andi~ EXIT To DOS. Navivationl between
items is performed with K Righit> aind K Left> kcvs,. To (110(lse ai iteinl ( shollllis
<Enter> key. The < Ese > key hie ,, illavailalv. The 111nnarii% active Item always is
INPUT DEFAULT DATA.

4 2.1. DATA FROM FILE.

The systemi asiks for the tile namle (Xithlll e xtilijol) I where tol ise inlitial (lata from. Then
it tries to open this file with .I-NI extelis~ilnand to Wiad Initial lktta froml it. If this file
rloesn't exis.t or the access is (deniedi thiell tihe sys tml 5ays "Cannot aiccess file" andl remnains"
in the INITIAL MENU. Else it readts thle iiiitiail (ham a and~ change-s t(o INITIAL DATA



EDIT. N.ote that the filenatme r hen un uis to be( act ivv(

2.21 INPUT DEFAULT DATA.

The systemn just simply. changes to IN\ITIAL DATA EDIT. Tlw active inlitiall dailtal clefaulit
or previouisly read from at file) pets a iiaii11ce to ic *ec 'it ccl for il(w c'ah llat ion . '

2.3. EXIT TO DOS. (See FINISH).

3. INITIAL DATA EDIT.

At first the system openis at scrvei to vdit t la followinej list of dama ( first iput screen):
d (ata onl the cheicavil reactioni "toic'hioitry: stoiclijoilletiv 'oethcients of the c'hemic'al

reaction inl the vessel, initial and final. for the m' of genleralizedl components - fulel. oxi-
dizer, reactionl prodluc't andl nutral:

- daa o th regent. p~rop~erties: mlolai ass inlitial voluinetrivc (onlcentrationls, iitial
adiabatic ratio and final adliabatic raitio:

-data onl the reaction eiiergetivs and ip-nitivitv: it.ion eat release.atvto nry

precletoniational leng-th. ciciflagraltionl spcec . 1cmsteady cictonation length. dletonation formia-
tion length.

Purposes for this (lat art' describedI inl the ('port. To choose at field to edit one 'al l use

<Left>. -cfilit>, -U> <Downi>. -'Hoiine.> and <End> keys: note that <Lc!ft> and
<Up> dlo tile same ats like as <fligh)t> ndi <Down>i;. To hc'gin cc hting" a field press
<Enter> or any other (no navicgtion's) key. To confirm ('(liting and exit press <Esv>
Then if some limitations are-( violatedl. at 'Yarnling uIc"Sag appears onl the screen, anld
editing continues. When a field is inl the process of c(litig, <Left> and <Righlt> mo1ves
the cursor. <DelI> and < Bwckspcc'e> 1ic'formnes symb ols dletion. <Eniter> confirms and
<Ese> breaks edliting.

Limitations for the( valuies edited onl thle first iliut screvin producce the following Wvarning
mnessages inl case of' their violation:
- "Invalid dat onl reac'tioli coefficienlts"

" No fuiel onl reaction's, inpu~it"
(fuel stoichiomietric ('oethvicnt before thc rcactiolc inut bec pos'itive:
- "No pi-mdildts oil react ioi15 olitliit,.

(products stc illiietric cc ethic'it aft em the cvact icl cn must b~e positiver
- "Netral comp~onent Can't c'hane~ InI rvactionl

(neutral coinponeit stoic'luionetric' c'octfic'ien I c4,0 v aid after, tlw( reaction must b~e tihe
saine);

- "Invalid mlolar mass of a 'omponenI~lt partic'ipat ill- the reactionl

(nolam' mass of eac'11 coiponient with positive st( ic'ili(cctric cc iefhienot mu11st bec positive):
- 'Negative 01' zero initial conletatitloll of allmm u c'ccna votpcoict'

(initial c'oncentration of each com1pcni clieit It po"i t ive itoichiomnevtric 'oc thc'ient before thle

reaction imust be p)ositive:
"Adiabatic raitio c f partic'ipat mll" ccciiii ccei'must bcc fromt I tc 1-6.L

-"Molar nias"s c f c'ompcocnent" imust b e C lic samle Imc th onl imcput a1mic I uitipit

total molary imiass cci ccnnponenit 1111tI c tbhe amc IbcothI before amic I after the reaction:



- ukof Vo, .1metricr r.oncentlZatr~lSOn CI lit lilll, it C.

(rectin'sheat ilutst he p)ositive):
- Negtiveor zero~ activation elleroNv

(activation energy must 1be pcosi tive):
-"Negative or' zero predetoalit iol lt'n I

(predetonational lengti imust lbe positive :
- "Negative or zero~ deflagration speed rate"
(deflagrational speeti mui~st lie positive):

C - "Invalid detonation's formation le'mi,tli
(detonation's formiation leng-th musl.t lie potsiti\'e 1blit nlor t'Xt''t'tiii, pit'dttonationial leng~th):

- "Invalid overdIriveni detonlation's foiiiatiouii ltil
(overdriven detonatious formiationl IlnOlt mlust h~v lioisitivt 1 tnt not txtCetliiig detoniation's
formation length).

Then the system topeins a screeni to etlit t lit followvineg list tof Chita st't'tiiid input screen):

- data oiii initial interiial tCin(ititils: 1)1 ('51111 and tt'lill)CratlUl:

- dlata onl geomietry: fuelI tank iat lius and~ ltength. Note that ltciigth" here means total
length of the vessel iniitIC u liciiiishiit'IiCa c(tles:

dlata onl the iiinliait wall i,-vo llit ;11( lt rint it lvuimiics: thicknics. C vIC'ity, heat ca-
p)acity mid voliume extenib~i ility (with hetatiing):

.(data o11 the striesse's mitivlCs and v'is'osity: "liftiiign Iil CC hole. ctict 51il (initial).
elasticity limit ( iiiaxiiiil ). liiii'l vistcoisity of, thlet wall iiia tel jal:
- data onl Steinberg - Guiiiane iICCI 'constants: 4 vailues Clt'-)C'iink on the wall mlaterial:
- data onl destriC'tion criteriini: imaximal dissipation. cnt'rgy per~ breach s(litre unit, Char-

tacteristit'aI h(pinrt it ft agiunents a'Ind I xpoiienitial IiailICtt'1 ill t1( (li hitrilittioi law. *
All rules of e-(itiiig -a ' t" smaln as for the( first ilipit crtei.

Limitation., foi- t lie stCCo il ilpCii ti pCi ) Cihc'e th lt cClowimg \val'iinu, messages inl case of

their violation:
- "Invalid initial pi essurt' \-'aluv
initial pressure imiit lie pii tIrivve

- Invalid initial tC'ilt'ra rute C' ,'amu
initial tt'mlptratil e ilIIliSt hlt C ltiow 20) 111(li I alitx'(5001

" Fuel tank length miiust lit teq ual (l C'xcCt (I two rat In 5
(to performn the ves sel with iia itIt It' tcylinical part 111i1 two liv'niusphtit'laI edges);

- "Tank wall thickness lt'ss 01 t'thll tC) /tro"

(thickness of the tak wall iniuist lit p.itivvi\C):
-"Wall density tmst it' poCsitiv'e"

"Wall heat t'atpatity muIIst lie poiiltive":
-"Wall thermal volume' extendil ility imiist be' Iitivc-i
-"Wall shifting iuthile miust lit ptisitivt':
-"Wall elasticity limit must ICC' positiv'e".:

-" Maximal w~all e'lastic'ity limiit lut11st e~t'tt't tlit Initial ojo".**
-"Wall (lyiainiital x'sto irymst lit lit i w

-ahof tie St eiiei it nuinane unt dc t ins I ants ilist bI 'otit iv't

+0



- 'Claracteristical squtare of frai-nielltztioli uilist hie posit ire-
-"Negative exponential parameter inii faginentation diistribution £

(it must be pos5itive (U. Zero).

After conhririiiig eciitiii2 of the vcond~ iiut ti cli he svaviii chanipes to the MAIN\
MENU.

4. MAIN MENU.

The MNAIN MIEN\U of tliv pro~raml conlsi.sts of 9 items.- changeV betweenl tiliii is p)eirformed
4 with <Left>. <RighIt.>. <Upx> -<Domvl>. <Home.(> mnd <End> keys. Item is chosen

with <Enter> key, <Ec.> key is iiiarakiklbl(. \'%leii oneit eniters the M-AIN MENU from
the INITIAL DATA EDIT. thie initial item is CALCULATE. Itemiis of the main menum are:
CALCULATE, NEWV CALCULATIOIN. EXIT To DOS.
SHOW RESULTS, SAVE RESULTS, READ RESULTS.

* SHOW INITIAL DATA. SAVE INITIAL DATA. SERVICE.

4.1. CALCULATE.

The systemi calculates results if lie' Hay, ofifcate (. This fla, is off onl enter from
INITIAL DATA EDIT ond mins" oil aftet c;ilcuiiaiou 01 READ RESULTS (in case of

* succesful r-eading.). Whenl thIs flag is oni. choosinu of this ias to wvarning message:

"Results for thev active initial (lata hauve been atheacly ol tainecl . atiil the choice pseudo-
cursor in MAIN MIENU tunis to SHOW RESULTS. Cailculationi consists of three sty' .'s:

internal process ( deflagration. devtonlation,. c(t-Iproces"s or. 110 prcic55 at all), wal) - ..ing
an pi-genita tiol ii hnl v'4 iescllal'tion. 1f t lie flag') -oitpuit during calculatos'i

onl (it call be switchedl on/off ini SERVICE), theni kftel eatch ,tugv~ temporary results will
4 hbe displayed (aill these resuilts can also he clisplacdc viai SHOW RESULTS). By default the S

flag "outpuit durin 1calclationls i." off.

4.2. NEWV CALCULATION.

The system turnis ainto INITIAL MIENU. N ote thlat r 1w fflag "ciilatedl turnis off. buit
* the active initial cdata i"ls ierrc'1"a well as- the( actl fi ilainle.

4.3. EXIT To DOS. iSee FIN.ISIH).

4.4. SHOWV RESULTS.

* If the flag 'initel natl (letails coutpuit- -,ce SERVICE) i- ou. tlien i ~rytvin shiows the
following.I

First screen of internial e'.dllts,.
-Concentraitions of reazgeilts:

4~~ Volumietric inlitiall conienti ati( m':

-Mass inlitial concentrations:
-Voluietric fiuial co ncent rations":

-Mass final concentiations:
-MNolar iass"es of iageiilt iixtiic. iiii11tiand fiiii liial.

4

4 7



4-Reaction's heat release ( per. mlol and [ mass mujir I:
-Equilibriumi filial conditions (pre'ssure anld telnueia tilve :

T lype of the proess inside t he- fuiel tan ll) 11 0~oC(11. (l('fiail a ti( (i. norma11li (Itonlatioll.

(dt in progress or ddt oiian

* Second screen ofi internial results.
For spheirical and li mdiical pa~rts of the, vessel thIn' h llowiiI2. ;.. shown:

-Pressure (initial. efr IMP A kxa. afte Amiwk "avn. Amte i eaction zine. Atm shMk
reflection. after reactioni : )ies fleet i(ll al fina hi. Ini (as t o-110 pj)Iss m.~5 ((deflagraiIZ

tlion" only initial and~ finial pressiin, valuecs hiav(, re1 0na d)e Iineanmi.
-Detonation',. wave velocity (for dettonlationl oi dclt process (. - Tine intervals ( ignition

4 - ~detonation origin, reaction Zoil near the wvall duration. reAxatui time. active Ires

sure increase duration). Some imm vals have resoliale( inevaniglu only inl detonlationl or ddlt

p~rocesses.

Third screen of interxal lpio('ss showvs thle chart of pi essure-tinie evolmttioii near thle wall
4 (in graplics miode). Data for cvhindricAxase is shownl in white. foi spherical - inl red. If

the curves are tile same (i.e. whenl lio ma 1 (It( ni 1) oclul th lm l cu ye is lIrawii ovei
the white onie.

If the flag membrldane- 1uurst deals milt t is (m t~ve SERV\ICE) then thle system shlows
4 the following.

First screen of ineinbraiie 1 on-st and loainling, outpuit.
Hf no lpi)(ess in the vessel. theii dte systemi simlply types "No chemvicial revaction inl thle ves-
sel" , else for sp~herical and cylindrical parts of the V(SV Al le fo dlowinge resu"lts are displaye(I.

*- Impulse per squlare:
- Dissipatioii per nMass un1it:
- Elastic eniergy pcr niass unit:
- Final dlensity':

- Finalvelocit:

4 -Loading ti (time of piessmne api)icatiloll
- Wall destruction tine (iii case' (f b11 akup) it is umnoallv Ks' A tielle Loadm timev. ( t 11(1

~Vise it is Z(e1() ie. it has ino riasonabhi inimiuQ
- If fragmentation occurs (yes or no).
Note that the first folm values are cmalclat mitii lie I( aup ((((iils or thel co ndlitioins

show that it will not ocr: the 3th ( final velocity ) value ill case 01 hi (akup I ehites ,t li

4 moment whemi the hmmge incerease of 1)1essie neat t he wall will eclax anlldih fragmlenits theii

w~ill accelerate mostly by the dr-ag forces.

Second screen of menmummrt and hradig ouqtpu
Shows dia2,ranimies ofmas rim unMmi (litama ithmn of fratmiemirs foU cvlindi ical case (in gray)

4 and spherical caw- (i lark edj. If do iliagramm' A- ( Ii case's tialisect thenl one will
see them in ik. Diagranimnes ane, shown iniU g icsli ilude iin limaritlnnic axes.

*

*



4 ~~~~~~If the ffi2,hia velitie. 011I ( )1 Oi ori, I keSElIE ,rle e v.(iil1ovtefl

First screen - fiiuj1 velov(cit nin ()I jam hn loi ut - Dims.lot.s foi c-vjlildiical anld Spherical
cases are shown- Diffe-rent culv's ielate, to different 0ointtion ll l otfigin theyV

e ~are showvn inl diferelit colors. aiild the coivespoidii., aiiiivs an. showii inl the riah t ~
of the screeni eari *il its own color. If 110 hi aginenit ami noncl lorU 5 11 511 caIse ( clinldrica.
spherical or both of themn r heii "No hrapilcntaItjoii- 1, typedi iiis'teal of a plot.

Second screen - flutal momnt urn of flra ineur s o1ci l' ugo itm 1Wi lot s for cyvhndm meal
alsphierical cases ait( esmwii. Diffel-cut hesiatthif ct1mettinmils0

fragments like onl tliv pi eviouis ,vrveel.

Note that chiange b etween screns is inwa he L picsingl a key.

4.5. SAVE RESULTS.

This item of the MAIN MENU works wenl "calcullated( Ha fis oil amidl the actiVe filenamne
is (letermnined-. Then the iesiilts are- saveff- into file iiaiied~ <Hflenlamel(>. v. Otherwise the
following miessages can appear mn scren:
- "Resuilts oil the active inlitial d1aa haven t h~i aml uht iilw(F

(the flag c'alculated~ is, oft ):
4 -"Canniot access file. wvrite inlitial dwta at first'

(filename is undefined 01 cannot open file withi defici ui ae).

4.6. READ RESULTS.

This itemi of the MAIN MENU works, whemii tlw( activo' tilenme is, tletermimiedl. Then thev
4 results ame rea4i fi oin file iiained <flnm>. Os tiiwise r lie fiflowingp mlessage catii

appear o11 senvu1:

- "Cannot acce(S file"
(filename is undefined or c'~mnnot opviei file' vi th lo 'fcinot int
Note that succetsfiill paS t hmiugh this, itemn of the MAIN' N IENU we x calcutlated" flag onl.

4 4.7. SHOW INITIAL DATA.

The ac'tive initial daa is, l.iowni ill 6w mdc00 l' (lecwi iwid oove ini INITIAL DATA EDIT,
but editingp Is nlow liitaailihle.

4.8. SAVE INITIAL DATA.

The system asks for the tile nlaiie (witihc nt en 1on(). fliw active filenmle is dlefaulit if

dletermlinedh. Then it tioes r( open a file iamned < tleu;naiw >.ini and~ to save initial data into
it. If op)euliin filt- is Ill ilshl Owhn at w mi muiliesa"a er

- Cannot acess file".

4 Note that inl cae of siicesi6il wite to tile thle atct Vo cinaie is le )deterinied.

4.9. SERVICE.

This itemi of the MAIN M ENU leads to soi-ul uol Itm 01511 o fiv.e Ititm:

- ProCee I ( Bypass i nternl (letails, Outp~it

43
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- Procei i Iypassp inciieii)ialic :h1i'r Oeici ai' mit~

- -Proceed (B BV1)l5 olltlil din iii abid ioii~

- "Exit to IinI inelmit

Each of the first four itemsss to xvircil Ol, ofi tho coII 1e~Ioi(ii2.- countroliii.Ze
status of each flag is shownl inl rue' p, oip (i.e. if *Pi1((t(* i" ill thl( promphlt thent tilt
flag is onl). The purposes of th(st fla~s (-anl bv enl dbowe int CALCULATION mid SHOW
RESULTS. ()i( )uei caeit to main menu ivlliiw, rthe 301i iteul or Just i1siQthe( < ESC>
key. 'Note that if the thiee first 6-1, ate 0FF theni SHOW RESULTS wviil ilot show (-my
results at all.

3. FINISH.

The first viteeii app~eni-s 1 )u~ t wYi thI t s ;llv vc to eXit' otx it. Then itel -a 1I'ey is

pressed. the piogii exits to DOS.


